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CHAPTER |
INTRODUCTION

1.1 Problem Definition

Food packaging plays an important role in canned food and food processing. The
functions of food packaging are to hermetically seal to prevent the entry of
contaminants, microorganism and to protectsthe content against damage during
transporting, storage, and distribution. Eurthermore, the design of food packaging can
be used to attract the consumer’s attention. However, the packaging of food products
must not release chemieals fromits matqrial to avoid anegative impact on the quality
and safety of food as well asito prevent p_otgntial health damage from consumers.

Plastic material is mainly applied" for foéd ‘packaging, especially polyvinyl chloride
(PVCO). It 1s one of the mogst versatile plasﬁps and provides a good resistance to light,
oil, and chemicals. PVC is a thermoplastic ebtained by the addition polymerization of
the vinyl chloride monomer. Depending oﬁ;;if§:-"application, plasticizers are mixed in

the PVC processing in order te improve the prbﬁerties of the plastics.

In addition, glass jars with metal lids are widely used for packed food. To reduce the
friction between the rim of glass jar and the metal lid, the inner part of the metal lid is
lined with a gasket against-the rim of glass jar, Moreover, this provides tightness to
easily open and ‘close 'the lid. 'The-gasket consists-of PVC plastisols containing 25-
45% additives by weight. This is the maximum.amount of plasticizers used. On the
other hand, gaskets are compesed of stabilizers, slip agents, lubricants, and blowing

agents.

As the gasket is direct contact with the food content in the glass jar as showed in
APPENDIX A, the migration of the plasticizers from the gasket into the food appears
to be possible. This migration may occur during the processing of food i.e.,
packaging, transport, storage, and distribution. The plasticizers/additives transfer from

the gasket into foods can possibly cause damage to consumer health.



For over twenty years, problems of the migration of plasticizers/additives were
observed. The contamination of the migrants in the food may far exceed the European
Union (EU) legal limits, which are regulated by the overall migration limit (OML) of
60 mg/kg. The most abundant problems caused by the contact between the oil or fat
food product and the gasket on the metal lid can be observed for oily sauces, products
immersed in oil, pesto, infant foods, and preserved herb in oil. The migration of
plasticizers depends on the polymer properties, the nature of plasticizers (e.g.,
structure, molecular weight/viscosity, polarity), the plasticization, the homogeneity of

the compound, as well as the contact time and.t€perature.

The key reason for studying-the migration of plasticizers from gasket into food
content is the potential diverseshealth effects on the consumers from the exposure to
these components. The demonsirated . carcinogenicity in rodents, the potential
estrogenic effects, and the reproducti\;e cffects on humans have revealed the
toxicology of several commonly used plas'tj(;izers. On the other hand, the migration of
these toxicological components ‘iiay have an additional effect on the commerce as
they may be restricted or even banned. ‘

i

1.2 Regulatory Standard in the European Union

The materials used as plastics in food industry are regulated on EU level in the
Directive 2002/72/EC [1], Directive 2004/19/EC [2] (amended Directive
2002/72/EC), @idaDirective, 2007419/BC 4™ amended Directive 2002/72/EC) [3].
Directive 372/2007/EC Tegislated for transitional migration limits for plasticizers in

the gasket of the lids that come.in.contact with.thefoods are given [4].

The specific migration limits (SML) of plasticizers in gaskets are regulated as
follows: Epoxidized soybean oil (ESBO) is authorized as an additive in plastics for
foods with restriction of 60 mg/kg SML for general foods and 30 mg/kg SML for
infant foods [1, 3 — 4]. As phthalates may be released from many source and are
highly toxic, the SMLs are lower, i.e., SML of 3 mg/kg for di-(2-ethylhexyl) phthalate
(DEHP) [3]. For diisononyl phthalate (DINP) and diisodecyl phthalate (DIDP) are
summarized as a group-SML of 9 mg/kg [1]. For acetyl-tri-butyl citrate (ATBC), the



SML is 60 mg/kg in food or food simulant [4]. For di-(2-ethylhexyl) adipate (DEHA),
the SML is 18 mg/kg and for the polyester of adipic acid with unbranching of C;, —
Cy, the SML is 30 mg/kg (with M.W. < 1000 Da). For oleamide and erucamide,
SMLs of 0.05 and 30 mg/kg are regulated, respectively. Diisononyl-cyclohexane-1,2-
dicarboxyate (DINCH) is a rather new plasticizers; therefore, there it has not been

regulated by the EU, but in Germany, a SML of 5 mg/kg is approved [1, 4].
1.3 Literature Review
a) Literature review on-The-analysis composition-of plasticizers in gasket:

Biedermann-Brem et al [5] studied the composition of gaskets and its potential
migration into food. The variety of the additives in PVC gaskets were found as 25-
45% (w/w) of additives ineluding plastiéizers, stabilizer, slip agent, and lubricants.
Among the most comumonly ‘detected 'c(;fnpounds in PVC gaskets were small
molecular weight compounds, such as phtha‘lates, adipates, sebacates, acetyl-tri-butyl
citrate, as well as compounds “of largé"?nplecular weight as triglycerides like
epoxidized soybean oil or polyadipates (mix;euré':compounds of adipic acid) [6 — 10].

Fantoni and co-workers—{iij-and-Pedersen—et-al {10} studied the spectra of the
composition in gaskets. The qualitative analysis showed ESBO and phthalates as

principle components, but also amides as slip agent in the gaskets.
b) Literature reyiew on The migration of plasticizers from gasket into foods:

Hammarling ‘et al f12]'reportéd the'céntaminatiorof ESBO in baby-foods with level
ranges from <1.5 to 50.8 mg/kg. In addition, for baby foods, which had never been in
contact with the gasket, no ESBO could be detected. Therefore, the migration of
ESBO can be attributed to the contact of the food with the gasket. Furthermore, in a
European survey of contamination of baby food, ESBO was found in 95 of 248
samples in levels of 1.5-135.2 mg/kg. 15% of samples exceeded 30 mg/kg and 4 %
exceeded the OML of 60 mg/kg [11, 13].



Fankhauser-Noti et al [13] studied the migration of ESBO with consideration of
ESBO contents in the gasket and the modes of contact. For the ESBO in the gasket it
was found that there was no obvious relationship between the weight of the gasket in
contact with the food and the diameter of the lids referring to the same size of the lids.
On the other hand, the difference in weight reflected the amount of ESBO transferred
into the food. The modes in which food is in contact with the gasket can be described
as follows: the first contact in which the oil layer of food is adhering to the gasket and
extracting the ESBO in the gasket. Then. during the next step, the oil layer adhering to
the gasket that contains the extracted ESBO is‘replaced by a new fresh oil layer and
the extracted ESBO is transferred into the food in-the jar. Subsequently, this process is
repeated. It has been shown that this process mainly affects the migration of ESBO as
for food of a firm consistence,dess migration is observed than for food with free oil
on the surface.

Suman et al [14] developed an analyti'c;ai method using reverse-phase HPLC —
MS/MS for the determination 0fESBO in food. For BSBO determined in a variety of
food in different matrices, the concentratidr’f' of detected ESBO covered a range of 10
to 100 mg/kg. The variable ESBO content tJﬂat was found obviously indicated a

concern for the nature and fat content or diépéisﬁOn of the food matrix.

Fankhauser-Noti and "co-workers [8] investigated the migration in terms of the
proportion of the amount present in the gasket compared to that directly in contact
with the food. /Theimigration af sniall plasticizers (elg;\DEHA; ATBC, DINP, DIDP)
far exceeded 100%, which may have been because the parts underneath and outside of
the jar rim.were included.in the investigation..Hence, the migration.depended on the
diffusion of plasticizers, whil¢ sthall plasticizers showed'a'high'diffusion through the

ESBO.

Fankhauser-Noti et al [6] collected oily products in glass jars directly from the
distributor and ethnic shops. In their survey, they found concentration of 1,170 mg/kg
of ESBO including DIDP, DINP, DEHP, and DEHA, which were far exceeding
SMLs. In consequence; this has shown the problem about the migration from the

gasket into food. Some of the compounds found have not been solved since 1998; on



the other hand, new plasticizers were found which have not been authorized by the

EU such as DINCH, Ehol-16, and Ehol-18.

Pedersen et al [10] studied the level of several plasticizers migrating into fatty foods
packed in glass jars with twist closures and determining the OML of lids. The amount
of plasticizers migrated in high fat content was higher compared to the lower fat
content. The migration of phthalates far exceeded the migration of ESBO. In addition,
the parameters affecting the migration of plasticizers were found to be the area and
thickness of gasket, the lid surface to’ sample ratio, the applied procedure of
sterilization/pasteurizationy the consistency of foeds; and the handling of the jar. The
OML of the lids into the foodssimulant olive oil was determined at 40 °C for 10 days.
It was found that the OMI was far exceeding 60 mg/kg; thus, the products were
rejected from the market.

c¢) Literature review on/The migration test in food simulants:

Migration testing is usually perfotied usfi‘{ig;food simulants rather than real foods.
The complexity of foods and their analysesr—,h;{;e many drawbacks in both analytical
and practical aspect,, Therefore, food sin-lill-éiﬁfs' have been chosen as models for
various types of foeds (agqueous, acidic, alcohol, and- fatty foods) as simplified

migration replication.

Fankhauser-Noti et al{[8]/investigated the-migrationof plasticizers from the gasket
into fatty foodssimulant (olive oil). The migration test was studied under sterilization
conditien, ;the ,elive, oil, was heated to 120,°€ for 1 hour fellowed by keeping the
closed jar upside down at '40°°C for“10 days." The migration ¢xceeded the average

observed in real products.

Pedersen et al [10] studied the overall migration of unused lid with glass jar using
olive oil as food simulants. The heated olive oil was filled into the glass jars, the lids
were exposed the olive oil by turnover the samples and kept at 40 °C for 10 days. The
results showed far exceeding OML of 60 mg/kg and the products were drawback from

the market.



Biedermann et al [15] studied the migration of plasticizers from the gasket of lids
under simulation conditions. The migration was studied for three types of gaskets:
gasket with exclusively ESBO, gasket with exclusively PAs, and the gasket that
consisted of ESBO, PAs, DBS, and EA as plasticizers. Conventional migration testing
was performed under pasteurization and non-pasteurization, converting them at 40 °C
for 10 days. The main parameters to have an influence on the migration were the
characteristics of the oil, the initial heating, and the amount of oil in contact with the
gasket. The oil properties were investigated; the oil was composed of small
triglycerides, which easily penetrate the PVC and render the gasket making it more
permeable for the migratien-of plasticizers. Themitial heating had a strong impact on
the migration; at the lowes tcmperature the migration occurred slowly and the
plasticizers from below werc enabled to refill at the surface causing a continuous
migration. At higher témpgraturc; the plasticizers form a layer hindering the migration
and causing the migration t@ be temporarily blocked until the next contact. Depending
on the amount of oil in contact, the pl“%}sticizers migrated into food simulant. In

addition, a weight loss of lids eould be relaf'e'd’With the oil entering in the gasket.

#

d) Literature review on The Anatlytical procedu res:

Biedermann-Brem ét-al {5| determined plasticizers i gaskets by GC-FID; several
plasticizers in the gaskéts were analyzed at the same tiime with this easily detectable
technique. The extract solution of the PVC gasket was analyzed, the commonly small
plasticizers could difectlybe analyzed, wheréas thel large molecular plasticizers like
ESBO or PAs had to be transesterified to smaller methyl ester molecules prior to
analysis, The.results of the, transesterification reaction from the same extract solution

confirmed the plasticizers observed'in'direct'analysis [ 11,-13].

A spectroscopic technique, namely FI-IR spectroscopy was used as a screening
method for the identification of plasticizers in the gasket [11] with spectral
transmission by an KBr pellet of the extracted sample, and ATR FT-IR spectroscopy
for the in situ determination by ATR accessory with diamond [10, 11]. The existence
of characteristic bands of CH, at 2852/2885 cm™ and 2921/2926 cm’', binding of -CO
at 1740/1744 cm™ and 1660, 1633 cm™ indicated the presence of phthalates. The



wavenumber of 3359/3361 cm™ and 3188/3192 cm™ implied breaking bonds of
epoxide in ESBO, while N-H bonds were indicated at 3188/3192 cm™.

Several methods were described in the literatures for analysis of plasticizers in foods
or food simulants using chromatographic techniques. Castle et al [16] pioneered the
method for ESBO analysis by GC-MS. The analysis was based on determining methyl
esters of diepoxy linoleic acid, using 5% phenyl methyl polysiloxane as separation
column. The lipids were extracted from food and subsequently transesterified with
sodium methoxide. The methyl esters were derivatized to form 1,3-dioxolane derivate

by trimethylpentane and eyelopentanone [11, 12

The analysis of ESBO is.mostly published using on-line NPLC-GC-FID by using
cyano-derivatized siliea gelfserves fo isolated the diepoxy linoleic acid (analyte) with
MTBE/pentane as maobile phase; the liq;did driven by the LC pump to transfer the
fraction of analyte to GC involved conc:'l}rar-ent solvent evaporation. The separation
column was 50% cyangpropyl-phenyl ahd 50% methylpolysiloxane (PS-225).
Fankhauser-Noti et al. proposed-“on-line T{RI?C-GC-FID as an automate technique,
suitable for the routine analysis—without éxflfaction of lipid and the formation of
dioxolanes, which . eliminated” the sampié;"'pr'eparation step. The lipids were
transesterified from the-homogenized sample food and iiijected as solute into NPLC

[6, 8,9, 10, 13].

Biedermann-Bremoet al [17] developedian;analytical method:using GC-FID for the
detection of ESBO in oily food Samples, using a polar column of cyanopropyl
polysiloxane., The quantity of ESBO.found ranged between. 36-374 mg/kg and the
detection limit was lower thai 20“mg/kg, whereds the detection'limit of GC-MS is

than necessary for this purpose.

The analysis of other plasticizers such as phthalates, adipates, ATBC or slip agent
such as OA or EA involved GC-MS with injector-internal thermal desorption, which
enables the detection of a wide range of plasticizers with a minimum sample
preparation [18 - 19]. Diluted oil sample was injected onto the plugs of glass wool at

the bottom of the liner wall, the solutes were volatilized and transferred to the



separation in the splitless mode, while a lower solutes volatility required higher
injector temperature of above 200 °C to clean the column inlet and to achieve a
backflushing after the analytes were transferred to the separation column. High
boiling bulk material (oil) was removed from the injector through the split outlet [8,
10]. The PTV injection provided an injection with variable injector temperature [20].
The PTV injector was composed of three steps: (i) deposition of the sample onto a
short plug of glass wool with a cone-shaped syringe needle, a low initial temperature
of the injector of 90 °C prevented the sample from evaporating inside the syringe
needle, (ii) desorption of solutes as a sequencc of elevated temperature as at high
temperatures the solutes velatilize into-the separation column, (iii) heating-out of the
oil; the temperature was clevated to 350 °C to evaporate the triglycerides from the

injector through the split outlet {6].
1.4 Hypothesis ~

In general, oily or fatty foods are packed in-'g'la'ss jar with metal lid included with PVC
gaskets. PVC gaskets have an oil-resistanf'ikhgracter and sponge-like structures with
high amounts of plasticizers rendes the hermetllc seals. As plasticizers are incorporate
in gaskets and most. of them are of lipOphiHéé character, the plasticizers potentially
migrate into oily food contents-{21}{.-Moreover, the migiation is a rather complicate
process as it is related to the fat content of the foods, the consistency of foods, the
contact area of the gasket with the foods, the structure of plasticizers in the gasket,
and the initial heating.(Thusj in this stody st was tried to-simulate conditions to study
how the parameters affect the migration of plasticizers from gasket into fatty food
simulant (olive.oil).instead packed food. As usually.food is.rather complex mixture,
the migration testing “in thi§ studytused ' food Usimulants. 'Additienally, most of
plasticizers were ester compounds; therefore, the analysis was performed by GC

analysis.



1.5 Purpose of the Study

As described in the literature review, many authors have studied the migration of
plasticizers into food in glass jar with metal lid. There have are been many reports on
the contamination of plasticizers and additives in the food content from the gasket,
which lead to the suggestion of bad impact to the consumer’s health. In addition, the
reports of migration testing in fatty food simulants (olive oil) showed the concern of
the migration according to standard conditions (pasteurization/sterilization followed
by 40 °C for 10 days) observed in reality. Up'to.mow, no migration testing has been

performed to study the parameters, which affect the-migration of plasticizers.

It was intended to study the'parameters that affect the plasticizer’s potential migration

into fatty food simulant (olive0il) by simulation. The studied parameters included the

contact time, the contact temperature; th;’ in_itial heating, and surface contact area of

gasket. The simulation started with an irfyeétigation of plasticizers consisting in the

gasket as this is the sourge of the 'migrati;&h to the foods. Commonly used GC-FID

was compared with the developed ATR FT'iI'R microspectroscopy because this is the
: i h

technique without sample preparation stepﬂﬁ next step, plasticizers in fatty food

simulant were determined according to each of the simulated conditions.



CHAPTER II
THEORY

2.1 Glass Jar and Metal Lid

A glass jar is one type of glass containers, which is used for canned food. The
apparent characteristic is that its transparency and visibility of the product it contains
is attractive to the consumer. Commonly, asglass jar comprises of two separate
elements i.e., glass container and metal closutc.

-

2.1.1 Glass Container

The glass container is an ideéal ¢ontainer material for canned food. They mainly
consist of soda-lime glass produced by a%lowing and pressing technique; hence, it is
a chemically stable and ingrt material t}i’a_t withstands the high temperatures in the
canning process and the now-additives 1n }he packaging. Additionally, it does not
support or facilitate microbial growth oﬁ Ji:t-éﬁ:_ﬁfprface and is impermeable to gases,
liquid, bacteria, and odors [22 23] A glasﬁ_ar-_ _is a cylindrical container with a wide

mouth and can be divided into three parts as foliows (Figute 2.1):

1. The finish: the part of the jar that holds the cap, which is designed
specifically for. hermetically sealed enclosure. The appropriate finish
depénds on the type of ¢losure during food canning process.

2. The'body: the largest part of the container, which is filled with the food; a
varicty (Of shapes ‘and siZes! rafiging from‘capacitics ¢f alfew milliliters to
several liters.

3. The bottom: the plate part, which is matching the body-mold; this part is
specially designed to interlock the bottom of the jar with the closure of

another jar for vertically stacking during handling or transportation.
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Figure 2.1 (A) The basic parts of a glass jar, (B) The glass finish of twist-off and
(C) The glass finush of press-on twist-off] respectively.

)
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2.1.2 Metal Lid Manufacturing

The metal lid of the glass jar is made ofllfftiﬁ;—plated (steel coated with tin) or tin-free
steel (steel coated with chromium: énd cll;rﬂmium oxide) (TFS) [24]. The metal lid
manufacturing is shown in F1gure«2~2 A coI}Lof metal is cut into sheets of convenient
size for the printing and lacquermg machmes The metal sheets are coated with
printing inks outside of the sheet atid lacquer to its 1nner surface to protect the metal
of the lid from corroSth_from_the_cgni;enLoLthe_gla,ss_jax The printed and lacquered
metal sheets are fed 1nto stamping presses, which cut them mto disks. These disks are
pressed and curled int6 shape, while the shell provides a wide annular channel and the
edges are rolleditosgive a smoeth edge and-then rrolled-again.toe form lugs. The liquid
lining compounds “are~based on thermoplastic 'PVC resin called plastisol and are
injected into the annular channel whilst rapid rétating. The rotary action serves to
flow the lining compound inte channel. A final heat treatment in an_oven is done in
order to cure and set the compounds at around 200 °C for 90 seconds to form a gasket

around the periphery inside of the metal lid [22, 25].
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vide range of products such as

lug o . >
fruit jujs sauces, jams, pickled, producﬂlavors, or food products that

steel plate. The cap does not use thread or lugs to hold its cap on the

glass container; this cap is pressed on a glass finished to seal and

twisted to open. This cap is widely used to hot-filled and cool-filled

products such as infant foods, vegetables, juices, fruits, and sauces.
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gasket

lug gasket

A) Twist-off or Lug cap B) Press-on Twist-off cap

Figure 2.3 The metal lids used for the glassgar. (A) twist-off or lug cap, (B) press-

on twist-off J

2.2 Additives in PVC'Gaskets 1

The gaskets of the glass*jfars age made of;alastisol consisting of PVC with 25-45% by
weight of additives, a majority of 'edditivks in PVG gasket as plasticizers. The gasket
have a soft and sponge-like structure in order to hermetically seal, reduce the friction
between jar and lid, and render the hd to easlily open and tightly close [13].

‘ -“

Plasticizers are substances that are added t(%%T&éﬁCS in order to improve processibility
and flexibility or stte{ehab}hty—by—deereasmg—the—mett V1scos1ty, glass transition
temperature (Ty), and modulus of elasticity without- alteration of the chemical
character of the polymer. Plasticizers are embedded between the chains of polymer by
van der Waals foree; then, mcreasing the free wolume and-dowering T, for the plastics
and softening it, Pure PVC'is fairly“unstable and easily degrades through heat, light,
and mechanical energy; therefore, plasticizers“are of major ‘importance for the

processing of PVC217.

Apart from plasticizers, stabilizers are the most abundantly used additives in plastic.
Generally, ESBO are widely used in food contact plastics heat stabilizers, lubricants
and plasticizers as well. ESBO serve as a scavenger for hydrochloric acid liberated
form PVC during the heat treatment for curing the gaskets [26 — 27] as shown in
Figure 2.4.
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Figure 2.4 (A) Degradatlorko.ﬁ&% a:r h :.""f' treatment process for curing gasket and
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. i _

Furthermore, slippingagents such as OA and Eﬂmare also added to plastic
formulations t ‘; W face imparting useful
properties 1nc‘§rﬂl}ﬁiiy ﬁﬁo 0 IEJ }:lhojther and reduction of
static charge [27

ARIAINIUURINYA Y

2.2.1 Siructure and Chemical Properties

There are many types of additive used in PVC gasket such as plasticizers, stabilizers
and slipping agent, as showed in Table 2.1. Furthermore, plasticizers/additives were
incorporated in PVC gaskets as seals potentially migrate into the food during

sterilization and storage [5-8].
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Table 2.1 The chemicals properties of additives used in PVC gasket.

Additive Chemical structure Chemical Molecular Boiling
formula  weight point
(9/mol) (°C)

Plasticizer:

DEHP C,4H;330, 390 384
DINP CyH4,04 418 403
DIDP C,3H4604 446 425
DEHA CyH404 370 417
PAs C33H6003 584

w AUBANENINEING o e
RIAINTUURIINYIAE

ATBC _{‘ C0H3404 402 327

iN
o
acPG P PPN C1oH340¢ 358 287
0
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Table 2.1 The chemicals properties of additives used in PVC gasket (continue)

Additive Chemical structure Chemical Molecular Boiling
formula  weight point
(9/mol) (°C)

Plasticizer:

DINCH CysHs5,04 424 400

TAC ; ' . \ \ CoH 1406 218 259

2-EHA CsHy60, 144 228
Stabilizer:
S == Y ]
ESBO ; — Cs5HyOn 975 445
o ¥

sl W INBVNINYINT

¢

L ARRNIUMRINGINY L, .
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2.2.2 Derivatisation of Additive

A majority of plasticizers such as phthalates, adipates, sebacates, citrate and amides
easily detect by GC, except ESBO was a large molecule of triglycerides and PAs was
mixture of wide range of adipic ester compounds. ESBO and PAs were derivatized to

smaller molecule of ester through transesterification under basic condition.

Transesterification is the process of exchanging the organic group of an ester (R))
with the organic group of alcohol under basie condition. An alcohol need to be dry
due to the water and humidity-in the precess promeoted the saponification reaction and

salts of fatty acid was produced which not desired.

Figure 2.5 showed the transesterification reaction of nucleophilic acyl substitution
under basic condition. . The strong base cétpable of deprotonating the alcohol makes a
stronger nucleophile. The hydroxide nuclépi)-hiles attack at the eletrophilic C of ester
group (C=0), breaking the 7w bond and creaﬁn}gi the tetrahedral intermediate which has
a negative charge on carbonyl oxygei. Tffésfe_ electrons then fall back to the carbon
and push off the alkyl forming the esterév%his reaction makes a non-reversible

mechanism.

B ..© [
.o.> (:o: 0
/“\ 3 | /.o.?« fast )J\
CHiCH,ON&® + R ORy | R OCH,CH; + RO N
:OCH,CH;

Figure 2.5 The mechanism of transesterification with ethoxide to form ethyl ester.

2.3 Theory of Migration

The transfer of chemicals from food packaging into its contents is known as
migration. Migration is a diffusion process controlled by both kinetics (diffusion
through the polymer and foodstuff) and thermodynamics (equilibrium partitioning

between packaging and food) as described below:
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2.3.1 Diffusion Theory

Diffusion process derives from a mass transfer, namely the Brownian motion of an
individual migrant molecule from a high concentration region to a region of lower
concentration. The diffusion process is a function of time, temperature, thickness of
material, amount of chemical in the material, partition coefficient, and diffusion
coefficient. It can be described by the diffusion mathematics derived from Fick’s law
[28-29]. Figure 2.6 shows the chemical diffll}ign in a polymer-solution interface.

o
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i .,‘_a' _'.l‘F
F = 2l
Figure 2.6 The diffusion in a p(Tl’mier fo@’iolutlon interface.
e .: i
i
A ' &

The mass transport Ey}dltmswn occurs throughout the stoi_ége of packed products; the

Fick’s 1% law is the simplest diffusion equation describing the mass transport in the

polymer, whereas the I*:ick’s 2" law can be applied when the diffusion coefficient is a

variable.
Rick?s 1% law: Gy 1
F=—BF E:) ( )
Fick’s 2% law: #Cp _ Dy Cp} (2)
dt P gt

where F is the rate of transport per unit area of polymer; D is the diffusion coefficient
of the migrant in the polymer (cm /s); Cp is the migrant concentration in the polymer
(mg/g); x is the space coordinate measured to the polymer-food interface; t is the

elapsed time (s)
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2.3.2 The Diftusion Coefficient

The total amount of the migrant in the polymer to migrate into a fatty food or fatty
food simulant at equilibrium, mg; the most variables that control the migration of a
substance are the contact time, t and temperature, T. The migration of a substance
from a polymer into foods or food simulant occurs if mg / mg, . < 0.5:

(Dt 3)

f = Bk {l?

where mg, ¢ is the total amount 0f a substance migrated into food or food simulant over
time, t; A is the contact surfacc area; t is contact time; Dp is the actual diffusion
coefficient of the migrantf the polymer; Cp ois the initial concentration of the
migrant in the polymer; kiis a constant,_,._which measures the influence of factors
outside the polymer/mugrant system and___has a value of k = 1 by definition. In the

absence of such influences and as long as 'noé'-polymer 1s swelling k = 1.

The mass transport in opposite direetion irr'rf;lies the migration of a substance from the

foods or food simulant into polymer. =

b 4)
B

,J'n

where mp ; is the total @mount of a substance migrated into polymer from food or food

simulant over time, t; Cg o-1S the initial .conCentration.of the migrating component in

the simulant.

The influence of the simmulant.on,the migration, the average migration distance made
by the diffusing additive i1 in the polymer over time is defined x; and its diffusion
coefficient as Dp ;. Similarly, x; is described as the distance, which the simulant
migrated towards the polymer over time and Dp_; is the diffusion coefficient of the
simulant in the polymer. From the theory of diffusion the following ratio for xi/x; can

be derived:
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In case of x; << x;j, the polymer additive will be overrun by the simulant before it can
migrate out of the polymer. If x; >> x;, the migration of polymer additive is not

influenced by the migration of simulant.

2.3.3 The Partition Coefficient

The partition coefficient K of a substan¢e between two phases depends on polarity of
the substance and the polarity-of-the media; applying the rule “like dissolves like”.
For example, if filling a_#atty” product into a hydrophobic polymer, a complete
partitioning of the fatty product/from the polymer into foodstuffs takes place. The
partition coefficient is defined as: _ |

Kok gh (©)

where Kp r is the partitioning coefﬁment of a substance between a polymer and
foodstuff; Cp . and Cp, . are the concentratlons of substance in the polymer and food

=i

or food simulant at equlhbrlum respectlvely

An important quantity, which can be caleculated at equilibrium, is the amount of a
substance migrated into food or food simulant at equilibrium, mg, . This provides the
migration potential in the polymer,i.e. the initial amount if theymigrant is dissolved in
the polymer, mp}. It can be derived from a mass balance calculated as follows:

Ilpgy Mg (7)

Wre= e i
1+ Kpgee 1+ Keppdder®
F‘I'Egr L F"Egr

where the volume of the polymer material of the packaging and the food or food
simulant are Vp and Vy, respectively; A is the contact surface area; dp is the layer

thickness of the polymer.
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In general, if Vp/Vp << 1 and at equilibrium Kp ¢ < 1; as an example in food
containing fat, the total migration potential can be found in food simulant, so that mg

= IMF, .

However, if the potential migrant is more soluble in the polymer than in the food
simulant, Kp, ¢ >> 1, at equilibrium only a small fraction can be found in the food
simulant mg, . << mg, o. In that case, migration into aqueous food simulants occurs

[21].

2.3.4 Migration Test

The aim of the migration testing is to ensure food safety and to protect the consumers
by controlling the level ofiindesirable eonstituents entering the foodstuffs from the
packaging [21]. Migration festing used for the investigation of ingredients such as
monomers and additivesiuised, as well as 'thé amount of these substances present and
their potential to migrate into foed. Convehtio’nally, the testing is performed as worst
case in terms of temperature and-contact B;ét\fvcen the food contact material and the
food simulant. To provide comparable anci-c&ﬁsistent results of the migration test,
four types of food have been legistated as food simulants by the EU as described in
Directive 85/572/EEC:

Simulant A: distilled water, representing aqueous foodstuffs.

Simulant By 3% acetic acidgrepresenting acidie foodstuffs.

Simulant C: 10% ethanol, reépresenting alcoholic foodstuffs.

Simulant, Dz rectified .olive oil, isooctan¢-0r.95% ethanol, representing fatty

foodstuffs.

The time and temperature conditions for the migration testing must be chosen as
regulated for plastics in Directive 82/711/EEC [28]. For long-term storage at ambient
temperature, simulation of exposure at 40 °C during 10 days must be performed.
Additionally according to EN 13130-1 2004, as basic rule for migration testing, the
jar is positioned on its head with the oil lying on the lids all the time to ensure the oil

to be in direct and permanent contact with the gasket, [15].
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2.4 Fundamentals of Attenuated Total Reflection Fourier Transform Infrared
Spectroscopy (ATR FT-IR)

Attenuated total reflection Fourier transform infrared spectroscopy is one of the most
employed surface characterization techniques using infrared radiation. The ATR is
derived from the rapid decay of the evanescent field generated under the total internal
reflection (TIR) phenomenon. As an electromagnetic radiation is traveling within an
internal reflection element (IRE), a high refractive index material impinges the
surface of the material with a low refractivesindex at an angle of incidence greater
than the critical angle by astrong electromagnetie field, the so-called evanescent field,
which is generated at the IRE/Sample interface. The cvanescent field is strongest at
the interface with an exponential decay as a function of distance from the interface. If
the sample is absorbing at thescoupled (frequency, the intensity of the reflected
radiation is attenuatedsand begomes sma__l‘ler than that of the incident radiation. The
rapid decay of the evanescent makeE J‘an ATR spectrum very sensitive to

physicochemical phenomenon at-the surfacér-'of the sample [30 — 31].

s 7
I |F A

2.4.1 A Principle of Light Reflection and Refraction

Refraction and refléction-occur-when the electromagnetic radiation travels from one
medium into another with a different refractive index. The radiation passes through an
incident medium with a refractive index n; into a medium with a refractive index n,, a
change of beamdirection occurs (Figure 2.7)2 Refraction:is described in Snell’s law

given by Equation 8 [327:
N sia &= n)sing; )]

where ¢ and o are the angles of incident and refraction, respectively.
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If n; > ny, the light wi line if the reflected angle o

equals 90°. The incidence is - angle 6c (Figure 2.8). The

critical angle can be deri

If the incidence angle «;'1s e th e i ill be totally internal reflected

(TIR) at the interface.

] T ik ;m ﬁﬁﬂjﬁﬂmpmges "

surface of the optically rare medium (n; > n;) with an angle of incidence
equal the critical angle. Total internal reflection occurs at an angle of

incident greater than the critical angle.

When the rarer medium is absorbing, there is a reflection loss due to absorption.
Reflectance of the beam leaving the interface is less than unity. This phenomenon is

defined as the ATR phenomenon.
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2.4.2 Internal Reflection Element (IRE)

The IRE is infrared transparent with a high refractive index. The optical properties of

some infrared transmitting materials are displayed in Table 2.2 [33].

Table 2.2 Materials used for internal reflection elements.

Material Usable wave number range Reflective index =~ Hardness
(cm™) at 1,000 cm-"' (kg mm™)

Silicon 8,300 — 1,500, 360 — 120 3.42 1,150

Germanium 5,500 =600 i 4.02 780

Zinc selenide 20,000 — 460 2.43 120

Diamond 45,000 2¢¢2,500,1+1,600 200 2.417 8,820

The internal reflectionscrystal has many §’napes, which ¢an be divided into two main
types; a single reflectiontype with-a hemfs_pﬁerical IRE and a multiple reflection type
with a trapezoidal as shewn in Figure '2"9"The hemispherical IREs are used in
variable-angle or fixed angle, smgle reﬂectlon ATR attachments. The hemisphere
allows the angle of incidence t0-be changed:over a wide range without changing the
divergence of the ineident radiation. A cholce must be made in the working angle or
the range of angles'(}fincfdarceTnumber“of reﬂections,fqperture, number of passes,

surface preparation, and material from which it is made [34].

- Y Y
] LI bl L,
=2 SAMPLE

(A) Single reflection (B) Multiple reflection

Figure 2.9 IRE configuration commonly used in ATR experimental setups: (A)
single reflection vibration-angle hemispherical crystal, (B) multiple

reflection single-pass crystal.
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This internal reflectance creates an evanescent wave that extends beyond the
IRE/sample interface. The evanescent field is strongest at the surface of the sample
and exponentially decays towards zero within a few microns from the surface of the

sample [34 — 35].

2.4.3 Limitation of ATR FT-IR Spectroscopy

ATR FT-IR spectroscopy is a powerful technique for surface characterization based
on molecular information.. However, conventional ATR technique has several
limitations such as the contact between IRE and-the sample, the rough surface of
sample leads to an air gap and«if the air gap is thick enough, a correct spectrum of the
sample cannot be obscrved [36]. Another limitation 1s in case of a large sampling
area, a spectrum of a smaller sample cannot be obtained [37].

244 ATR FT-IR Microscopy:

In ATR FT-IR microscopy an* optical "'?nip_roscope is coupled to the infrared
spectrometer. The microscope provides the;m&i;phology of the samples, whereas the
IR is able to characterize the molecular boriciiﬁ'gj of the sample. This has facilitated the
microscopy of samples to-detect trace contamination on the surface of the sample. The
optical diagram of an infrared microscope is shown in Figure 2.10 [35, 38 — 39]. An
infrared radiation tracing within the 15X Schwarzschild-Cassengrain infrared objectives,
the focused radiationgreflecteéd) ontorthe=focusing planey with angle of incidence
ranging 15.6°-35.5° are shown in Figure 2.11. The coupling-focused radiation into

specially designed Ge wWIRE and ATR phenomenon on the interface can be seen.

The designed hemispherical dome of the cone-shaped Ge-IRE facilitates the focused
radiation to travel into the pPIRE by minimizing the reflection loss at the air/Ge
interface. Thus, a good contact with the sample is achieved, minimizing the force on
the tip, eliminating interferences from internal reflection, and providing good

sensitivity.
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Figure 2.11 (A) Infrared radiation tracing within 15X Schwarzschild-Cassengrain
objective of the infrared microscope. (B) Infrared tracing within

homemade GE pIRE.



CHAPTER IlI
EXPERIMENTAL

3.1 Instruments and Apparatus

3.1.1

3.1.9

Gas Chromatography (GC): Module 7890A consists of auto-injector, auto-
sampler and flame ionization detector. Agilent Technologies, U.S.A.

Gas Chromatography (GC): Module 7890A consists of auto-injector, auto-
sampler and mass spectrometer module.5975C. Agilent Technologies, U.S.A.
Gas Chromatography (GC): Module Trace GC Ultra™ consists of auto-
injector, auto-samplef, PV injactor and mass spectrometer a module DQS™
II. Thermo Scientific, U.S. A '

Fourier Transform-Infrared” Spectroscopy (ET-IR): Module Nicolet 6700
consists of a mercury—cadmiurr;telluride (MCT) detector, Continupm™
infrared microsgope with 15X Cassengram infrared objective and 10X glass
objective, variable- angle smgle reﬂectlon attenuate total reflection (ATR)
accessory (The Seagull'™ Harrlck-Scl,qntlﬁc U.S.A.) with a hemispherical
germanium (Ge) IRE (32 mm dlameTer) and homemade slide-on germanium
(Ge) uATR accessory with cone shaped Ge fas IRE. Thermo Electron
Corporation, Ut S.A.

A pre-column: DB-1, 0.5 m > 0.25'mm [.D. x 0.1 pum film thickness, Agilent
Technologies, U.S.A.

Universal press-fit T-piece: fused silica tubing, 13/cm X 0.15 mm [.D., Agilent
Technologies, U.S.A.

GCieolumniDB-5,30n % 025 fhin T:D7 %025 imfilih thickness, Agilent
Technologies, U.S.A.

GC column: Rtx-2330, 15 m x 0.25 mm L[.D. x 0.20 pm film thickness,
Restek, U.S.A.

GC column: Rtx-225, 15 m X 0.25 mm L.D. x 0.25 pum film thickness, Restek,
US.A.

3.1.10 Vortex mixture, Scientific Industries.

3.1.11 Beakers 10, 25, 250, 1000mL.
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3.1.12 Volumetric flask 10.00, 25.00, 50.00 mL.

3.1.13 Graduated cylinders 10.0, 50.0 mL.

3.1.14 Erlenmeyer flasks 250.0 mL.

3.1.15 Volumetric pipette 5.00 mL.

3.1.16 Micro-pipettes and tips.

3.1.17 GC vials 1.5 mL with caps, Agilent Technologies, U.S.A.
3.1.18 Screw cap amber vials 24 mL with PTFE septum.

3.1.19 Screw cap vials 50 mL with PTFE septum.

3.1.20 Micro-syringe 10 pL, Hamilton.

3.1.21 Incubator

3.1.22 GC oven: a module 5890A; Agilent Technologics, U.S.A.
3.1.23 Lint-free paper

3.1.24 Glass slide

3.1.25 Stirring rod

3.1.26 Nujol

All glass apparatus was washed thoroughly in detergent, rinsed with double distilled

water and then rinsed with suitable organie solvent before used.
3.2 Chemicals

3.2.1 The Standard Compounds

1-Ethylnaphthaléne (EN), Erucamide (EA); Dis(2¢ethylhexyl):phthalate (DEHP) and
Diisononyl phthalate (DINP) (Aldrich, Germany). Cyclohexyl acetic acid (CHAA),
Dimethyl pimelate.(DMP), Di-(2-ethylhexyl). adipate. (DEHA).and tri-acetyl butyl
citrate (ATBC)! (Aldrich,’ U.SIAY). (Diheptyl phthalate.’(DHP) (Aldrich, United

Kingdom). Epoxidized soybean oil (ESBO) and Diepoxy methyl eicosanoate (C20:2)
(Fluka, Germany). Diisodecyl phthalate (DIDP) (Fluka, Japan). Dibutyl sebacate
(DBS) (Sigma, Japan). Oleamide (OA) (Sigma, U.S.A.). Acetylated Partial Glyceride
(acPG), Diisononyl-cyclohexane-1,2-dicarboxylate (DINCH), Dipropyl sebacate
(DPS), Polyadipates (PAs) and Triacetin (TAC) were supported by Official Food
Control Authority of the Canton of Ziirich (Kantonales Labor Ziirich), Ziirich,

Switzerland.
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3.2.2 Organic Solvents

Heptane and tetrahydrofuran (Fluka, Germany), 1,4-dioxane (Carlo-Erba, Germany),

tert-butyl methyl ether, hexane (Merck, Germany) were of analytical grade.

3.2.3 Reagents
Disodium hydrogen citrate sesquihydrate (Aldrich, Germany), sodium (Aldrich,

France), ethanol, methanol and acetone (Merck, Germany) were of analytical grade.

3.2.4 Olive oil used as fatty food simulantaceording to EU regulations.

3.3 Metal Lid Samples

Two types of the lug eaps were chosen forthe study; each type was received from the
same batch of products and the same lid manufacturer. Both caps were used for the
study of the gasket composition and tﬁg study of the parameters that affect to

migration of plasticizers into fatty food simﬁ'lernt.

s 7
I |F A

Parameter —T:y;;é I Type 11
Lug cap i =

Diameter (mm) | =¢ 48 | 63
Weight (g) ' 6.6 11.0
Width of gasket inside of the lid(mm) 13 ' 13
Weight of gasketi(g) 0.99 1.23
Glass jar

Diameter(mm) 512 67:2
Brimful (mL) 1150 2289
Height (mm) 86.5 96.0

Weight (g) 105 156
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3.4 Determination of Gasket Composition

3.4.1 The Study of ATR FT — IR Microspectroscopy

ATR FT-IR microspectroscopy was employed for surface characterization of the
gasket for identification of plasticizers. This technique possesses several advantages
such as little sample preparation, no chemicals used, non-destructive sample, fast and
easy to operate. Three types of collecting techniques were studied for investigating
plasticizers in the gasket; normal mode, eontact-and-collect mode and absorbance
enhancement. All ATR spectral were acquired with-a homemade slide-on Ge pATR
accessory coupled with'a Contiatjum'" infrared microscope connected to a FT-IR

spectrometer.
3.4.1.1 Homemade Slide-on'Ge NATR Aecessory

The homemade slide-on Ge pATR accessofy was developed from a commercial ATR
accessory with hemispherical IRE‘which Wei:’s;‘lr_imited from a large sampling area (5% 5
mm?), limited by size of sample-holder whi;%;h:%:esulted in a poor contact between the
sample and IRE. The homemade slide-o'ri:"'t}‘é-pATR accessory consisted of two
components; (1) the slideson-housing which -was designed for placing the slide-on Ge-
LIRE on the objective infrared microscope, (2) the slide-on Ge pIRE which was
designed for mounting the cone-shaped Ge IRE and slide into the slide-on housing.
The homemade ¢slide-on™ GespATR 1] accessory | wase composed on the 15X
Schawarazschild-Cassegrain infrared objective which connected to the Nicolet 6700
FT-IR spectrometer. as. showed in APPENDIX ‘B The .incident tadiation from the
infrared ‘microscope’ was ‘coupled ifito-the' dome-shaped Ge IRE'and.underwent total
internal reflection at the tip of Ge, the amount of light was controlled by aperture of

the microscopy. Spectral acquisitions were performed in the reflection mode.
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3.4.1.2 Spectral Acquisition Parameter

Nicolet 6700 FT - IR Spectrometer:

Instrumental setup

Source Standard Globar ™ Infrared Light Source
Detector Mercury-Cadmium-Telluride (MCT)
Beam splitter Ge-coated KBr

Acquisition Parameters

Spectral resolution (em™) 4
Number of scans © 64 scans
Mid-infrared range (em™) 4000-.650

Continupm "™ Infrared microscope:

Instrumental setup

Detector - Mercury-Cadmium-Telluride (MCT)
Objective /7 15X Schawarazschild-Cassegrain
Aperture size =% 150 <150 pm

3.4.1.3 Experimental Procedure =

A piece of gasket samiple Wwas ¢ut to 1% 2 ¢m* and the vnderlying coating from the

inner part of the lug cap was removed.

3.4.1.3{1, Normal Mode: The' sampling technique) feature in the tip of Ge
WIRE directly contacted with the gasket surface. The obtained
spectra assoeiated; with ;the ,molecular strueture, of, component that
the tip of Ge'uIRE throughout contact on'the ‘gasket:
3.4.1.3.1.1 The slide-on Ge PIRE was inserted onto the slide-on Ge
housing and the tip of Ge pIRE was cleaned with lint-
free paper soaked with acetone.
3.4.1.3.1.2 A piece of gasket was placed on the microscope stage
and the slide-on Ge pIRE was placed into a pre-aligned

position above a sample.



34.13.2

3.4.1.33

34.13.1.3

3.4.13.1.4

3.4.1.3.1.5

3.4.1.3.1.6

3.4.1.3.4:7%
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The background spectrum was collected through the Ge
UIRE when it was not in contact with a sample.

The microscope stage was elevated until the selecting
area contacted with the tip of Ge pIRE and stopped
when the light of LED alert sensor was lit.

The ATR spectra was collected via Ge pIRE which
contacted with a sample.

The microscope stage was lifted down and the sample
was removed:

The step 3:4.1.3.1.4—3.:4.1.3.1.6 was repeated 5 times.

Contact-Cellgets Mode: The sampling technique was used for

measuring

the /molecular structure of constituent species on the

gasket sample that stuekat the tip of Ge uIRE. The acquired spectra

merelyshowed the comfjg)sition at the surface of the gasket.

3.4.1.3.241
34.13.2.2

3.4.3:323

B ra4a

3.4.1.3.2.5

Thet steps 34 I:3.1.1 = 3.4.1.3.1.4 were performed,
respéctively. : J:!' .

The 1nicrosco§ﬁ;§{age was lifted down and sliding the
microscope stééé"fd another position on the gasket.

‘The microscope stage was -elevated until the tip of Ge
LIRE contacted the new selected area and stopped when
the light of LED alert sensor was lit.

The step344:3242 & 3411431243  was repeated 5 times;
the ‘contaminants from the surface of the gasket were
stuck and , accumulated .on the tip” of, Ge pIRE by
repeatedly” making Contact..between ‘the tip and the
surface of a sample.

The ATR spectra was collected when the Ge nIRE did

not make contact with the sample.

Absorbance Enhancement: The sampling technique used for

enhancing the signal of ATR spectra of contact-and-collect mode by

using mineral oil as an enhancing agent that soaked on the tip of Ge



33

UIRE. The higher spectra of the surface component related with the

high amount at the tip of Ge uIRE.

3.4.1.3.3.1 The slide-on Ge pIRE was inserted onto the slide-on Ge
housing and the tip of Ge uIRE was cleaned with lint-
free paper soaked with acetone.

3.4.1.3.3.2 The background spectrum was collected through the Ge
UIRE when it was not in contact with a sample and then
the slide-on Ge pIRE was removed.

3.4.1.3.3.3 The muneral’ oilsWas dropped on the glass slide and
simeared to'a thin film-with the stirring rod.

3.4.1.3.3.4 _Fhetip of Ge pIRE was touched on the thin film and
mserted onto the slide-on Ge housing.

3.4.43.3.5 The ATR speetrum was collected same as step 3.4.1.3.2.

_—

3.4.2 The Study of Gag Chromatégraphs?_ :

' §
Gas chromatography is an analytical method for determining the plasticizers for a
d A : Ad
long time. A majority of plasticizers as the ester compounds are easily analyzed by
GC, except ESBO and PAs must be transesterification to smaller ester compounds

render them enable to-GE=FiD-asreferred-Biedermann=Biem et al [5].

In this study, all 14 of standard plasticizers were divided to three groups as followed
in Table 3.1, icordet to easilytidentify) and-for cover all plasticizers in the gasket. All
plasticizers were prepared via direct analysis and transesterification in the same

extracted solution of gasket.

Table 3.1 The group of standard plasticizers for gasket composition study.

Direct analysis Transesterification
SET I 2-EHA, OA, DEHP, EA and DIDP ESBO
SET II TAC, DBS, ATBC, DEHA, DINCH -

SET III acPG, DINP PAs
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3.4.2.1 Preparation of Standard Solution

342.1.1

34.2.1.2

Stock Internal Standard Solution in Tetrahydrofuran

The stock internal standard solutions for 1,000.0 ppm of each EN
and DMP were prepared by dissolving 0.2500 g of EN and DMP,
then diluting them to the mark with tetrahydrofuran in 250 mL

volumetric flask.

Standard Mixture Solutions

Set I: The-5,000.0 ppm of each-ESBO, DIDP and 1,000.0 ppm of
cach OA,EA, DEHP were prepared by weighing 0.0500 g of
cach'ESBO, DIDP and weighing 0.0100 g of each OA, EA,
DEHP sand, disszt)l\(ing them to the mark with solution in
842714 in 10 ml;volumetric flask.

’

Set I1: Thie 5,000:0‘ppim of PINCH and 1,000.0 ppm of each DEHA,
ATBC, DBS TAC"’ were prepared by weighing 0.0500 g of
cach DINCH and wetghmg 0.0100 g of each DEHA, ATBC,
DBS, TAC ‘and dlssoivi‘ng them to.the mark with solution in

 3.4.2.1.1 in 10 mL volumetric flask.

Set 111: The 5,000.0 ppm of DINP and 1,000.0 ppm of each acPG,
PAs“were prépared=bysweighing 0:0500 g of each DINP and
weighting 0:0100 g of each'acPG, PAs and dissolving them to
the. mark _with. solution in*3.4.2.1.1 in a 10 mL volumetric

flask.

The standard solutions for preparation of the response factor were prepared from these

solutions.
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3.4.2.2 The Study of Gas Chromatography Conditions

The GC condition was developed by varying the oven temperature in order to obtain

the optimum GC conditions. Then injection of 1 pL of internal standard solution and

standard solutions and sample solutions to the GC optimum condition were evaluated.

3.4.2.3 The Study of Transesterification Kinetic

ESBO and PAs were derivatized to smaller molecule of ethyl ester through

transesterification under-basic condition of sodium-ethoxide prior to detectable by

GC. The transesterification is-a fast reaction as well as become faster saponification

which not desired. This study finds ouf suitable reaction time for transesterification

and stopped before saponification appeared.

34231

34232

34233

34234

3.4.2.35

The 2:50 mL of internal'solution in 3.4.2.1.1 was pipette and added
5.00 mif ofethanol into flOmL amber yial.

The 1.00'mE of these sqiuti’On and 0.65 mL of 15% ethoxide were
mixed into 10 mI;’amber"'V‘_figl_, and left to react 1 to 10 minutes.

The 4.00 mL 0f 60% tert-élif;?i methyl ether in hexane and 4.00 mL
of .10%.disodium hydrog;ér'i:é;i'tr'ate were.added immediately to the
solution-to-stop-the-reaction;and themshiaken vigorously.

The phase was separated and takes thefupper phase to analyze by
GC. '

The 5,000, ppm cof (ESBO and 1000 ppniof PAs, DEHA were
carried out followed 3.4.2.3.1 — 3.4.2.3.4, respectively.

3.4.2.4 The Study of Responsé Factor

The procedure to study the response factor of standard plasticizers can be described as

follows:

34.24.1

The concentrations of standard solutions were 500.0 and 2,500.0
ppm. The 2.50 mL of each standard mixture solutions from 3.4.2.1.2

and 5.00 mL of ethanol were mixed into 10 mL of amber vial.
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The direct analysis was prepared by pipetting 0.25 mL of each
standard mixture solution from 3.4.2.4.1 were added into 2 mL of
autosampler vial and diluting them with 0.75 mL of tert-butyl
methyl ether and analysed by GC.

The transesterification was prepared by pipetting 1.00 mL of each
standard mixture solution from 3.4.2.4.1 and 0.65 mL of 15%
ethoxide was mixed into 10 mL of amber vial, and left to react
following the result from 3.4.2.3. Then 4.00 mL of 60% tert-butyl
methyl ether in hexane and*4.00 mL of 10% disodium hydrogen
citrate were-added immediately-to-the solution to stop the reaction.
It was then wvagorously shaken and takes an upper phase of 60% tert-

butyl methy!] ether in hexane to analyze by GC.

3.4.2.5 The Procedure for Extraction ~

The extraction procedure of plasticizers from the gasket can be described as followed:

3.4.2.5.1

34.25.2

34253

The 50.00 mg of gasket ﬁi:éfce;r_ial without food contact was dissolved
in 2.50 mL of tetrahydréﬁi;ﬁn contained internal standard from
3.4.2.1.1, which usually féfiiﬁi‘éd 15-30.minutes for the gasket to
dissolve—compietely: A turbid —solition was precipitated by
admixture 5.00 mL of ethanol.

A supernatant was extracted similarly with the direct analysis and
thetransesterification fromy the step 374.2:4.2°and 3.4.2.4.3.

The [ug cap 48 and lug cap 63 mm were analyzed for 6-replications

and followed by.step.3.4.2.5.1 =3.4.2.5.2, respectively.

3.5 The Migration Testing into Fatty Food Simulant

The migration testing by simulation used for studied the plasticizers potentially

migration from gasket into fatty food simulant under the studied conditions. Olive oil

was used as instead of real food in order to decrease or get rid of the problem from

interferences in real foods. The simulation method referred the standard method of

EU[1 -4, 15].
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3.5.1 Procedure of The Simulation for Migration Testing

The conditions for migration test into fatty foods simulant (olive oil) such as contact
time, contact temperature, initial hating (pasteurization) and size of surface contact

area were obtained from these simulations, which can be described as follows:

3.5.1.1 The jar was closed according to the recommendations of the producer. The lug
was closed between 5 — 10 mm from the seam of the jar neck. Then the jar was
heated in the incubator to 100 °C for IS minutes in order to render the gasket
soft and deform it-asman industrial applhication.

3.5.1.2 10.00 g of olive oil was peured into the jar and then closed tightly.

3.5.1.3 The jar was turnedsover. For the study of contact time, the inverted jar was
kept in GC oven at30 2C for 30 days.

3.5.1.4 The jar was tusned on its lid. For.fthg study of pasteurization, the inverted jar
was heated in G€ oven to 100 °C ‘fpr Thour, then cooled and kept in GC oven
at 30 °C for 30 days. . .

3.5.1.5 The jar was turned on its lid. For thes-tuldy of contact temperature, the inverted
jar was heated in GC oven t6 30 °C, EO °C and 60 °C for 10 days.

3.5.1.6 The study for size of éurface contact- are—a Was simtilated in the same way with
the step 3.5.1.3 = 3.5.1.5 for lug cap 48 mm and lugrcap 63 mm.

3.5.1.7 At the end of time required for the simulated condition, the jar was shaken

vigorously 10 times.and the oil poured out and analysed.

3.5.2 The Study of ESBO in The Fatty Food Simulant

The method extraction of ESBO from fatty food simulant without extraction of the
lipid was used in this work. The large molecule of ESBO in fatty food simulant was
transesterified to smaller methyl esters included 26% of epoxy oleate, 54% of diepoxy
linoleate and 11% of triepoxy linolenate. The two of diastereomers of methyl diepoxy
linoleate was required as quantification analyte of ESBO, this work was referred

Fankhauser-Noti et al [13].
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3.5.2.1 Preparation of Standard Solutions

3.5.2.1.1 Stock Standard Solutions in 1,4-Dioxane
The 1,000 ppm stock standard solutions of each ESBO and internal
standard (C20:2) were prepared by dissolving 0.0100 g of each
standard and diluting them to the mark with 1,4-dioxane 10.00 mL

volumetric flask.

3.5.2.2 The Study of Gas Chiomatography= Mass Spectrometry Conditions

The GC condition was developed by varying the oven temperature in order to obtain
the optimum GC conditions. Fhe 1" uLi of standard solutions and sample solutions
were injected under G€ opimum condition.

3.5.2.3 The Study of Response Factor ’ J
The procedure to study the résponse factor;d’f_fI?:SBO can be described as follows:
3.5.2.3.1 The concentration of stand’ﬂr;('ll_'fsolutions was 10 ppm. The 100 puL of
each stock ‘standard solﬁ{isif'and 4.00.mL of 1, 4-dioxane was
mixéd-mto-50-mi-of vialk:
3.5.2.3.2 Transésterification occurred by adding 5.00 mL of 5% methoxide
into the mixture, and allowing react for 1 minute. Then 4.00 mL of
5% cdisodiunmy hydrogen: citrater and, 4:00=mL of heptanes were
added and shaken intensively.
3.5.2.3.3. The phase separated clearly, takes an. upper phase of heptane to

analyze.
3.5.2.4 The Procedure for Extraction

The extraction procedure of ESBO in the olive oil can be described as follows:
3.5.2.4.1 A portion of 100.0 mg of fatty food simulant from step 3.5.1.7 was
spiked with 6 pL of internal standard solution, then dissolving the

mixture solution with 4.00 mL of 1,4-dioxane in 50 mL vial.
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The extracted solution was transesterified in the same way with the

step from 3.5.2.3.2 — 3.5.2.3.3, respectively.

3.5.3 The Study of Monomeric Plasticizers in The Fatty Food Simulant

The method for determination of monomeric plasticizers in fatty food simulant in this

work was separation of fatty matrix occurred during injection by using programmed

temperature vaporizing injection GC-MS as referred Fankhauser-Noti et al [20].

3.5.3.1 Preparation of Standard Solutions

3.5.3.1.1

3.5.3.1.2

3.53.13

Stock Standard Selution in tert-Butyl methyl ether

The#10,000 ppm, stock: standard solutions of each compound were
prepated by dissolving é.lOOO g of each standard and diluting them
to the marl with tert-buf}:l}nethyl ether in 10 mL volumetric flasks.

Internal Standard Mixturéf!S__oh_ltion
The 1,000 ppim-of each ilﬁei"r_'ial standard solution was prepared by
pipetting 1,000 pL of DHP and 33 uL of 30% DPS, then diluting

thém to-the-mark-with-hexane-m-10-ml-volumetric flask.

Standard Mixture Solution
The¢ 100~ ppmr) of | standards mixture™ solutions were prepared by
pipetting 100 uL of each 10,000 ppm stock solutions, then diluting

them to the mark with hexane in-10.mL volumetric flask.

3.5.3.2 The Study of Gas Chromatography- Mass Spectrometry Conditions

The GC condition was developed by varying the oven temperature in order to obtain

the optimum GC conditions. The 1 pL of standard solutions and sample solutions

were injected to the GC under optimum conditions.
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3.5.3.3 The Study of Standard Calibration Curves

The procedure to study the calibration curves of standard TAC, DBS and DINCH can

be described as follows:

3.53.3.1

3.533.2

3.5333

35334

3.5.3.4 The Procedure for Extraction T .

200.0 mg of olive oil without plasticizers was diluted with 10.00 mL
of 20% tert-butyl methyl ether in hexane, then spiking 20 pL of the
internal standard mixture solution from step 3.5.3.1.2.

The concentration of standard solutions: 1.5, 3.0, 6.0, 12.5, 25.0,
100.0, 200.0 and 400.0 ppm.wete prepared by pipetting the standard
mixture.selutions from 3.5.3.1.3-and diluting them with 1.00 mL of
the mixture solution from step 3.5.3.3.1.

The standard.calibration solutions were injected from 1.5 ppm to
400:0"ppmn, respectively info GC under the optimum condition.

The gelationship betwee__n concentration and peak area were plotted.
The intercgpts, slopes a'nd correlation coefficients from curve are

evaluated.

| el

The extraction procedure-of monomeric piasticizers i the olive oil can be described

as follows:

3.53.4.1

3.534.2

A portion of 100.0 mg of fatty food simulant (olive oil) from 3.5.1.7
was gpiked witholOouL<of the¢ internalstanidard mixture solution,
then "extracting with' 5.00 mL of 20% tert-butyl methyl ether in
hexane.

The 100 pLfoflextracted solution was diluted with.900 uL of 20%
tert-butyl methyl ether in hexane into 2 mL of autosampler vial and
added 1 dropped of olive oil was added without plasticizers before

analysis.



CHAPTER IV
RESULT AND DISCUSSION

4.1 The Result of Determination of Gasket Composition

4.1.1 ATR FT-IR microspectroscopy

In this research, the developed A’ ’\ “T-IR mierospectroscopy with homemade slide-
on Ge pATR accessory was employ ed for gasket characterization. The new gasket of

lug cap 48 mm and 63 mm wereidentified by three nodes of collection sample. The

ATR FT-IR spectrums w. /;/o/
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Figure 4.1 ATR spectra of new gasket acquired by three modes of sample
collection; (A) Normal mode, (B) Contact-and-Collection mode and (C)

Absorbance Enhancement.
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The observed ATR spectra of all sampling techniques were not much difference.
However, the relative absorbance of the normal mode was higher than the absorbance
enhancement and contact-and-collect mode, respectively. This is because normal
operation provided the better contact between the Ge uIRE/gasket, as well as the long
contact time that make high spectra acquisition compared to the contact-and-collect
operation and absorbance enhancement. So, the ATR spectra of normal operation
showed components of plasticizer in the gasket and also polymer-based that the tip of
Ge pIRE throughout contact. The contact-and-collect operation and absorbance
enhancement were the technique features, thefrage of components on the surface of
gasket were able to be identified. When the tip-of Ge pIRE contacted the components
on the surface of gasket, the components were cumulatively collected on the tip of Ge
UIRE. ATR spectra of component that stuck on the tip were obtained without the
matrix interference ffom gpolymer-based. On the other hand, ATR spectra was
improved by smearing.an enhancing agen__t‘ on the tip of Ge puIRE render dissolved and
increasing the amount of components oﬂd tile tip of Ge PIRE. Therefore, the ATR
spectrum of absorbance enhancement was 'h‘i'gh’er acquisition spectra than contact-and-
collect mode. "J:!'__‘; _

The percent matching library show the déigféé of identical of sample spectra with
reference spectrum. The reference spectra were referred-ffom 2 library sources such
as Hummel Polymerr Sample Library which included 2,011 spectra of polymer and
additive polymers as well as The User Sample Library which obtained from 14
spectra of the standardplasticizetswererused inithe: PVC gasket. Table 4.1 showed the
name of expected compounds including with the percent matching libraries of these
three sampling techniques... The, quantitative: “information _from, ATR FT-IR
microspectroscopy-of the new gasket samples confirmed thatthey.'contained with

ESBO, TAC, DBS and DINCH.
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Table 4.1 The percent matching library of new gasket compared to the standard

plasticizers spectra

Collection mode Percent matching library (%)

PVC ESBO TAC DBS DINCH
Normal 52.15 81.54 29.33 51.63 35.44
Contact-and-Collect - 50.84 14.73 12.79 33.59
Absorbance enhancement - 65.98 23.90 34.73 23.74

Although, ATR spectra of orm /"&wved high percent matching with
- e . . -1

reference spectra of pl;asw wrmt region (1,500-750 cm™)

revealed a matrix interfere "with as a pelymer-based of gasket as showed in

prior to identify the s 7 g ( ious types in gasket sample. For

contact-and-collect o i . 10" elimi matrix interference, which

AUEINENINYINg
ARIAN TN INY Y
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Table 4.2 The wavenumber of the functional groups of plasticizer component in the gasket

No. Wavenumber (cm™) Functional group
Normal Contact-and colleet Absorbance-enhancement
1 2,952 2,952 2,952 C-H stretching of CHs;, CH, and CH in
2 2,923 2,925 2921 ESBO
3 2,853 2,853 2,852 &
4 1,739 1,743 1374 4 C=0 stretching of ester of ESBO and TAC
5 1,462 1,466 15458 | C-H bending of CH; ester of DBS
6 1,437 - = S C-H bending of CH; of PVC
7 1,426 . 22 N
8 1377 1377 £376 T C-H bending of CH; of ester of DINCH
9 1354 i =Ty e C_H bending of CH; of PVC
10 1,333 - Y, - ’
11 1,254 - -
12 1,164 1,166 7 1,162 C-O stretching of ester of DINCH
13 1,097 - - C-Cl of poly(vinyl chloride)
14 1,016 - -
15 958 - 4
16 802 798 788 C-0-C of epoxy group in ESBO

144
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The plasticizers were ester molecules that were composed of the functional group of
esters and epoxy groups especially for ESBO, as showed in Figure 4.2 and Table 4.2
showed the wavenumber of the functional group of plasticizers composed in the new

gasket samples.

(A) Epoxidized soybean oil (ESBO) (B) Triacetin (TAC)

(o] o]

)K/\/\/\/A/\ 2V e )OL
)K/\/\/\/L\\/L\/ L5
)K/\/V\/—\/A\/Lx/ \L(\)\/\(

(C) Diisononyl cyclyhexane-1,2- (D) Dibutyl sebacate (DBS)
dicarboxylate (DINCH)

Figure 4.2 Compounds and structures of plasticizers formed in the gasket samples
(A) ESBO, (B) TAC, (C) DINCH and (D) DBS.

ATR spectra (of iiew 'gasket. observed the ‘chatacteristic band of plasticizers as
followed by: thetESBO was observed at 2,923 and 2,854 cm correspond with —CH
vibration, the ~CQ-stretching-of-ester, at 1,743 cmi - and, the.epoxy, group of ESBO
present at' 829 ‘cm”. "The DBS "présent at 1,466' o™ of “CHs'vibration. The
wavenumber at 1,377 cm™ indicated ester group of DINCH. TAC presents the ester
group at 1,739 cm™. On the other hand, the several bands at the fingerprint region of
normal operation corresponded with —CH bending of PVC and C—ClI revealed at the

958 cm'' that are the polymer-based interference.

The result of determination of gasket composition by ATR FT-IR microspectroscopy

of lug cap 48 mm and 63 mm showed the identical spectrum. The collection
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techniques of normal mode, contact-and-collect mode and absorbance enhancement
were able to identify that plasticizers consist of ESBO, TAC, DBS and DINCH.
However, ATR FT-IR microspectroscopy is a qualitative tool that applied for

screening method of plasticizers in the gasket due to a fast and easy technique.

AULINENINYINS
AR TN TN
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4.1.2 Gas Chromatography

The injection volume of 1 uL. was used for all samples. The optimum condition was
reported in Table 4.3. The chromatograms of standard mixture Set I — Set III were

shown in Figure 4.4 — 4.6.

Table 4.3 Gas chromatography conditions for analysis of plasticizer in gasket.

GC Parameters GC. Conditions
Analytical column DB-5, 30 m *¥0.25 mam i.d. x 0.25 pm
Temperature program Initial 60 °C for I'min; 15 °C/min to 90 °C , 5 °C/min to

140°C and 15 °C/min.to 320 °C

Injection mode Splifless mode

Injection temperature [V P

Carrier gas Helitm, 3n1]!;4/r;;1in

Detector Flame Ionizefti_on Detector, FID

7
add v ol
4.1.2.1 Transesterification Kinefie 2l

The transesterification reaction was studied at room temperature during 1 — 10

minutes. The peak -_ z}:i'ea ratio of standard plasticizers such as DMPys (as internal
standard), ESBO, PAs é_lnd DEHA were calculated for checking the suitable reaction
time for transesterification that in order to ayoid saponification. The peak area ratio of
plasticizers obtained! from the peak atrea of transesterified standard plasticizers was
divided by the"peak area of inert internal standard (ENjs) which no effect from
transesterification <feaction, «Figure! 4.3 tshowed" the" trans€sterification kinetic of

standard.plasticizers to be transesterified substance which telated to réaction time.
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Figure 4.3 Peak areawratiosdndicate the reaction time of transesterification.
!

.

The decreasing of peal arearatio of plasﬁéizers related to the increasing of fatty acid
from saponification reaction appeared. Tﬁ;e result showed, the peak area of ESBO was
slightly increased, and after 10 minutes tﬂé:___.psak area was decreasing that indicating
the saponification appeared. For internal ';s.tandard, PAs and DEHA, the peak areas
were increasing, and after 6 ‘minutes thej_"—]-gj-e’ﬁk areas were decreasing which the
saponification was indicated.-Thetefore, th%.‘*-'réaction time of transesterification for
ESBO and PAs were-indicated during 6 minute. This réaction time was applied for
study of the response factor value of ESBO and PAs and analysis procedure of gasket

composition.

Figure 4.4 — Figure'4.6'showed the chromiatogram of'the! standard plasticizers that
obtained by direct analysis and transesterificationzas followed in Table 3.1. However,
both samiple preparation steps were.carried /out at the same time, for identification and
quantification of monomeric plasticizers used the chromatogram of direct analysis as
well as ESBO and PAs used chromatogram of transesterification. Furthermore,
transesterification enable to confirm constituents observed by direct analysis as

described below.

Figure 4.4A, the chromatogram of direct analysis of standard mixture Set I showed

the elution order of compounds as 2-EHA, OA, DEHP, EA and a hump of DIDP,
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respectively. For transesterification (Figure 4.4B) reveals the components not
observed in direct analysis, ESBO consists of 5 main ethyl esters derivatives such as
palmitic (C16:0), stearic (C18:0), ethyl epoxy oleate (C18:1E), ethyl diepoxy linoleate
(C18:2E) and ethyl triepoxy linolenate (C18:3E). In addition, the C18:1E, C18:2E
were mainly components in ESBO composition (about 80 %), for these reasons the
sum of both compounds were used for relative calculation of ESBO. Furthermore, the
confirmation patterns of monomeric plasticizers in standard mixture Set I was
presented in transesterification chromatogram (Figure 4.4B) as follows: DMPjg
changed to diethyl pimelate (DEP;s). DEHP tefotms to 2-ethyl hexanol (Ehol), diethyl
phthalate (DEP) and a past-of incompléte ethylhexyl ethyl phthalate (EHEP). DIDP
converted to isodecyl cthylhexylphthalate (IDEP) and liberated isodecanol (10-ol)
and contribution of DEP_For2-EHA ‘as an acid compound that did not react in
transesterification and then was absent. For EN, OA and EA were resisted the

transformation showing'the feténtion-timeto be the same with direct analysis.

Figure 4.5A, the chromatogram' of standard mixture Set II on the direct analysis
shows DBS, ATBC, DEHA and DINCH respectlvely The chromatogram of
transesterification (Figure 4.5B) shows the conﬁrmatlon pattern of monomeric
plasticizers as follows: DBS converted to d1eth‘y1 sebacate (DES), DEHA changed to
diethyl adipate (DEA) and also 2-ethyl hexanol (Ehol). Tiansesterification of DINCH
is extremely slow, only a small amount converted to isononyl ethyl cyclohexane-1,2-
dicarboxylate (INEHC) and diethyl cyclohexane-1,2-dicarboxylate (DEHC) and
liberated isononanol (9-ol). ¢The two) peaks) | of |sterevisomer of DINHC were
distinguishable from DINP (as described below). ATBC and TAC were absent in the

transesterification chromatogram,

Figure 4.6A, the chromatogram of standard mixture Set III on the direct analysis
reveals acPG and DINP. The PAs present in the transesterification chromatogram
(Figure 4.6B) were converted to diethyl adipate (DEA) the same as in
transesterification form of DHEA because PAs was mixture compound of adipic acid
and propanediol, terminated with octanol and decanol. In addition, transesterification
able confirmation of acPG become lauric (C12:0) and DINP converted to DEP and
isononanol (9-o0l) the same as DINCH.
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(A) Direct analysis
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Figure 4.5 Chromatogram,of the standardymixture Set II by the GC conditions listed
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Figure 46 Chromatogram, of the standard, mixture Set III by the GC conditions
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4.1.2.2 Response Factor of Plasticizer

Response Factor (RF) relating to the response of each analyte under given GC
condition in Table 4.3, the peak area of substance divided by the weight of substance
injected as described in Equation (10). For monomeric plasticizers, DMPjs used as
internal standard for quantitative calculation in direct analysis. As well as DEP;g was
used for quantitative of ESBO and PAs in transesterification. Table 4.4 showed the

response factor value of standard plasticizers.

{fg‘ﬂ # mplnstlulzer'sj ------- (10)

ResponseFacior (RE =
d E FC' Emli & p‘qglnstlulzers]

where; pAjs is peak area of intemnal standard, nys is mass of internal standard (mg),

PAplasiicizer 1 peak area of standard plasticizer, mppsicizer 1S mass of standard plasticizer

(mg). {

Table 4.4 The response/ factor of plastié’izérs referring to DMP;s and DEPjg as
internal standard. e

wead A4

- Response Factor

Plasticizer Ll =
DMPg DEPs

acetyl partial (acPG) 7 0.92
acetyl-tri-butyl citrate (ATBC) 1.36

dibutyl sebacate (DBS) | 0.73
di-(2-ethylhexyl) adipate (DEHA) 0.66
di-(2-ethylhexyl) phthalate (DEHP) 0.57

diisodecyl phthalate (DIDP) 0.63
diisononyl-1,2-Cyclohexane dicarboxylate (DINCH) 0.66

diisononyl phthalate (DINP) 0.63

epoxidized soybean oil (ESBO) 1.09
erucamide (EA) 0.80

oleamide (OA) 0.58

polyadipates (PAs) 1.36

triacetin (TAC) 1.41
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4.1.2.3 Composition of Gasket
The quantitative analysis of plasticizers in the gasket were performed by response

factor as followed by Equation 11 and 12 and Table 4.5 showed the components of

plasticizers in lug cap 48 and 63 mm, respectively.

Concentratlon of plasticlzer (%) = }n e L (11)
welght of gasket

Origlnal amount of g i 2 © 1000

...... (12)

where; mjs is mass A slasticizer 1S peak area of plasticizers,

RF is the response fact iCizers, m \\ : \‘ e1ght of gasket sample (mg), pAis

is peak area of internal s

9
U
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Table 4.5 The quantitative composition of plasticizers in gasket in term of g/100g of

lug cap 48 and 63 mm.

Original amount of plasticizer (mg)

Gasket
TAC DBS DINCH ESBO Total
lug cap 48 mm No.l  110.9 44.6 132.7 250.5 538.6
lug cap 48 mm No.2  110.9 44.6 133.7 242.6 531.6
lug cap 48 mm No.3  110.9 44.6 136.6 227.7 519.8
lug cap 48 mm No.4  132.7 44.6 132.7 249.5 5594
lug cap 48 mm No.5  132.7 44.6 133.7 246.5 5514
lug cap 48 mm No.6  132.7 44.6 133.8 219.8 540.5
average 12T R 210 143.7 £0:0 133.8+1.5 2394+12.7 540.2+14.1
lug cap 63 mm No.l 2613 138.9 163.8 269.4 855.4
lug cap 63 mm No.2 2782 1339 182.0 301.6 897.0
lug cap 63 mm No.3 2587 130:0% 163.8 289.9 845.0
lug cap 63 mm No.4 364.0 t78d 250.9 339.3 1132.3
lug cap 63 mm No.5  260.0 ]44.37_ J 189.8 308.1 902.2
lug cap 63 mm No.6 2574 htd 141.77 187.2 328.9 915.2
average 279.9 £ 4190014374177 189.6+32.1 310.7+19.4 924.5+105.5

P

Figure 4.7 — Figure 4.8 showed the chromatb?,rérms of gasket sample from lug cap 48
mm and lug cap 63 mm, respectively, The result showed both samples were
composed of the same type of plasticizers, ESBO, TAC, DBS and DINCH. The
quantify of each plasticizers in lug cap 48 mm and“lug cap 63 mm are slightly

different as showed in Table 4.5.

The ESBO was a principle of plasticizers im=both gaskets.#ESBO is used as
plasticizers ‘as well'as, stabilizet, for PVC, due te its epoxy content minimizes the
autocatalytic deterioration by the scavenger hydrogen chloride which is released when
PVC receives heat treatment [9]. Other plasticizers added for improved oil resistance

and provided low temperature performance and low volatility properties of gasket.

The quantitative information of plasticizers in gasket by using ATR FT-IR
microspectroscopy and GC-FID indicated the same results. It composed of ESBO,
TAC, DBS and DINCH. However, ATR FT-IR microspectroscopy was a qualitative
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method which is suitable for the screening of plasticizers in the gasket while GC-FID
was a qualitative and quantitative method for identification gasket composition.
Therefore, GC-FID was suitable for study of gasket composition that made us known
types and original amount of plasticizers in the gasket potentially migrate into fatty
food simulant that important information prior to study the migration of plasticizers

by simulation in the next step.

AULINENINYINS
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(A) Direct analysis
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4.2 The Result of Plasticizers Migration into Fatty Food Simulant

4.2.2 ATR FT-IR microspectroscopy

In this study, the migration testing was performed using simulation procedure in
olive oil (fatty food simulant). The gasket sample after simulation was studied by
ATR FT-IR microspectroscopy in the same way as the previous studied in 4.1.1.

Figure 4.9 showed ATR spectra after simulation carried out by normal

mode, contact-and-collect, ment.

% Transmittance

E!!!EHSQ!!B!!RQ?!M

% Transmittance

% Transmittance

Figure 4.9 ATR spectra of gasket after simulation acquired by three modes of
sample collection; (A) Normal mode, (B) Contact-and-Collection mode

and (C) Absorbance Enhancement.
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The observed ATR spectrum of normal operation that showed the identical spectra
with previous work of a new gasket sample (Figure 4.1). An ATR spectrum was
identified of plasticizers in the gasket after simulation such as ESBO, TAC, DBS and
DINCH. On the other hand, ATR spectra of contact-and-collect and absorbance
enhancement were absent. This is because the contact-and-collect operation was a
sampling technique for identification of trace elements at the surface of the sample,
the absent spectra showed the plasticizers which were at the surface of old gasket
sample had been transferred into the fatty food simulant already. However, the
plasticizers in the next layer remained 1 the“gasket as showed in ATR spectra of

normal operation.

4.2.3 ESBO Analysis in FEattyFood Simulant

Injection of 1 uLL was used for all samples_; The optimized GC condition is reported in
Table 4.6 and Figure 4.10 showing the chrbrﬁatogram of diastereoisomers of methyl
diepoxy linoleate as quantification analyte of BSBO and methyl diepoxy eicosanoate
as internal standard. k

i

Table 4.6 Gas chromatography-Mass speétﬁir’ﬁétry conditions for ESBO analysis in

fatty food=simulant

GC-MS Parameters GC-MS Conditions

Analytical column Rtx-2330, 15 m x 0.25 mm i.d. x 0.20 pm

Oven temperaturé Initial 1 10.°C for 1 /mii, 20 °C/min to 200 °C, 8 °C/min to
260 °C hold 2 min.

Injection mode splitless

Injection temperature 300 °C

Carrier gas Helium, 3mL/min
Detector Mass Spectrometer, SIM mode
SIM fragment m/z 155 for methyl diepoxy linoleate (referred ESBO)

m/z 183 for methyl diepoxy eicosanoate (referred internal
standard)

Auxiliary temperature 300 °C
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The analysis of ESBO into fatty food simulant carried out by transesterification direct
into olive oil. For transesterification, the triglycerides of olive oil were possibility
convert to methyl ester as same as ESBO. Therefore, the methyl diepoxy linoleate
was a quantify analyte of ESBO due to it was high amount in the ESBO (as a small
amount in olive oil). Furthermore, two peaks of methyl diepoxy linoleate and internal
standard were separated from other fatty acid methyl esters with no potential
interference from other compounds. The peak ratio of C18:2E (1) and C18:2E (2) was

2:1 and these two peaks were sses, and the same occurred for the

internal standard.

AU INENTNEINS
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4.2.3.2 Response Factor of ESBO

The response factor of ESBO was calculated according to by Equation 13. For the
calculation of response factor was acquired two values of the first analogue of
(C18:2E (1)/C20:2E (1)) and the second analogue of (C18:2E (2)/C20:2E (2)) referred
to RF1 and RF2, respectively were acquired.

- PR rdc1zE
(RH) = T EdCIBiZE

REerpnnza Facto
PA sdcaoan

- |
Where; pAsi.cis2e 1S peak areaof standard of methyl diepoxy linoleate, pAsi.c20:2E 1S

peak area of standard of methyl'diepoxy: cicosadienoate.
|

The results of response faétopwere 1.65 and 0.90 of the RF1 and RF2, respectively.

!
\ &

4
4.2.1.2 The Quantitative of ESBO in Fatty'f ood Simulant
A % dia
The concentration of ESBO'in the food simulant was calculated according to Equation

14 and 15. The average of the ﬁrst of ana_l;?gu'@_ of methyl diepoxy linoleate and the
second of analogue -, of methyl diepoxy linoleate refer}‘é_d to ESBO in fatty food

simulant. e

i » » RF
15 %% PAESEQ )x 106
DM gl ¥ P

Concentration of ESBC {mgfkg) = (

concantrationof BSB0 Emgks™ ) welght of food slimulant {g)

amountof ESBC (mg) = 1000

Where; myg is mass of internal standard (mg), pAgsgo is peak area of methyl diepoxy
linoleate, RF is response factor of ESBO, mgmpie 1s weight of fatty food simulant

(mg), pAss is peak area of methyl diepoxy eicosadienoate.
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4.2.4 Monomeric Plasticizer Analysis in Fatty Food Simulation

The injection of 2 pL. was used for all samples. The optimized GC condition was
reported in Table 4.7 and Table 4.8 showing mass-to-charge ratio (m/z) of monomeric
plasticizers and internal standard. The chromatogram of standard mixture of

monomeric plasticizers was shown in Figure 4.12.

Table 4.7 Gas chromatography-Mass @ spectrometry condition for monomeric

plasticizer analysis in fatty food €imulant

GC-MS Parameters GC-MS Conditions

Pre-column DB=1, 05 m x 0.25 mmi.d. X 0.1 pum

T-piece connector Bdsed silica tuping, 13 cm x 0.25 mmi.d. X 0.20 pm

Analytical column Rix.295 /15m0.25 mm 1.d. %°0.20 pm

Carrier gas Heligm, 5 mL/min_

Injection temperature & 60°C | " .

Injection mode PTV, splitless

Liner 2 mm id--glass lf;ér _\jvith plug of glass wool at 6 cm

PTV injector Initial 60:°C for O? iﬁin, 14.5 °C/sec to 250 °C, 14.5 °C/sec
to 375—6-5C for'5 mmq ]

Oven temperature | f ~ Tnitial 90 °C for 4 min, 25 °C'/mrin to 190 °C, 15 °C/min to

250 °C hold 10 min. 7
Detector Mass Spectrometery; SIM mode (as showed in Table 4.9)
Auxiliary temperature- = 300 °C

Table4,8 “ The mass-to-charge fatio (m/z) used|for|SIM mode

Compound Type of SIM
compound fragment
Triacetin (TAC) plasticizers 145
Diheptyl phthalate (DHP) internal standard 149
Diisononyl cyclohexane-1,2-dicarboxylate (DINCH) plasticizers 155
Dipropyl sebacate (DPS) internal standard 185

Dibutyl sebacate (DBS) plasticizers 185
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4.2.4.2 Programmed Temperature Vaporizing

Programmed Temperature Vaporizing (PTV) is an injection technique for separation
monomeric plasticizers from fatty food matrix during injection. PTV is a variable
injector temperature consisting of three steps (as shown in Figure 4.11) which are

deposition of sample liquid, desorption of solutes and heating out of bulk of oil.

>
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T ™
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Figure 4.11 Schematic presentation of temperature program of the PTV injector

Step 1: Low initial injector temperatures faéﬂiiéted the liquid sample deposited onto a
plug of glass wool, and prevented rap-i'd-'-; 'é;\_/aiporation of solvent and sample.
Furthermore, the tip of Syringe needle cai be properly place the liquid sample on the

plug of glass wool to make evaporation of solutes more efficient.

Step 2: For degorption step, the tempetature should'be’kept as-low as possible in order
to avoid evaporation of the bulk of oil components. Desorption temperature at 250 °C
was high engugh for plasticizers<to evapoeratesand ean be completely transferred to

pre-column and analytical column.

Step 3: When the solutes completely transferred to the analytical column, the
switching valve redirected the carrier gas pass through the T-piece connector as well
as the flow backflushing the pre-column into the injector at the same time with the
injector chamber was heating out in order to prevent bulk of oil transferring to the

column. The vaporizing chamber of the injector was heated up to 350 °C for 5
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minutes during the heating up step, the carrier and vapor of oil were venting out to

split outlet.

Figure 4.12 showed the chromatogram of five peaks of standard monomeric
plasticizers and internal standard. The DHP as internal standard was used for
calculation quantity of TAC and DINCH as well as DPS as internal standard used
calculation quantity of DBS.
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4.2.4.3 The Standard Calibration Curve

The determination of monomeric plasticizers was carried out by a standard calibration
curve of three analytes (i.e. TAC, DBS and DINCH) from 1.5 — 400 mg/kg using GC

condition followed in Table 4.7.

From plots in APPENDIX D, the linear relations were obtained. The coefficients of
determination (R?) of all studied substances are greater than 0.9980 for all standards,
confirming strong linear relations. The ‘calibration curve of each analytes were
prepared from 9 concentration levels (triplicate-analyses), Table 4.9 showed a good
linear model. The slopes of analytes were shown that the sensitivity of DBS is higher

than DINCH and TAC, respéectively. .

i
Table 4.9 The coeffigient of determination (R*) of TAC, DBS and DINCH in ranges
of 1.5 — 400 mg/ke of 9 pointsj’_ _arfd triplicate analyses.

Compound Replication g (min) _";-‘--ESTOpe y-Intercept  R”
TAC I 624~ 00063 0.0130 0.9986
2 639 00715 0.4430 0.9983
3 637 10.00995.  0.0425 0.9999
DBS R —> —0:3071—+ 123371 0.9977
2 9.38 0.1310 | -0.3120 0.9997
3 9.32 0.1642  0.1769 0.9998
DINCH I T 001944 2070200 0.9996
2 11.41 0.0681 20.0961 0.9997
3 11,32 01634 01643 0.9998
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4.2.5 Parameters Affecting The Migration of Plasticizers into Fatty Food Simulant

Migration testing is usually carried out on the food simulant than food themselves.
Foods are complex mixtures of variable compositions and their analyses can have
many complexities in both analysis and practical aspects. Therefore, food simulant
have been used for a simplified migration study and also studied by simulation under

desired conditions.

The olive oil was commonly used as the fafty*food simulant as also in this study. It
was purchased from a supermarket in Bangkok. Refined olive oil is a food grade olive
oil, obtained by refined virginolive oil whereby no solvents have been used in the
extraction process, but rather has been refined with the use of charcoal and other
chemicals and physical filters. It ¢an also be equivalent to ““pure olive oil”

The ATR FT-IR microgpectroscopy and'dC-FID were used to identify qualitative
analysis of plasticizers in the new ‘gasket. The results of two methods were identical,
they consist of ESBO, TAC, DBS‘and DINCH GC-FID was able to quantify the total
amount of plasticizers, in lug Cap 48 mm é-mdjfflug cap 63 mm as 540.2 + 14.1 and
924.5 + 105.5 mg, respectively: Furtherrn(irde',' ESBO. was, main plasticizers in gasket
samples of both typés.

Both lug caps were used for studying of migration for each plasticizer into fatty food
simulant (olive-oil). [The migration of)e¢ach plasticizers mthe gasket (such as TAC,
DBS, DINCH and ESBO) were performed in triplicates for both lug caps according to
the parameters. of contact. time, contact .temperature, .the. initial heating of

pasteurization and'¢ontact surface ated which desctibed in-Experiment'Section 3.5.1.

The results of ATR FT-IR microspectroscopy of gasket after simulation showed that
no any spectra of plasticizers at the surface of the gasket which acquired from contact-
and-collect and absorbance enhancement operations as described in 4.2.1. These
results were indicated the plasticizers were transferred from the gasket into fatty food
simulant. The analysis of ESBO in the fatty food were performed in Experiment

Section 3.5.2 followed by GC-MS as in Table 4.6 as well as the analysis of
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monomeric plasticizers (such as TAC, DBS and DINCH) in the fatty food were
performed in Experiment Section 3.5.3 followed by GC-MS as in Table 4.7 by PTV-
GC-MS.

The amount of each plasticizer that migrated into fatty food simulant according to the

studied parameters are identified by GC as followed.
4.2.5.2 The Effect of Contact Time

The influence of the duration-time on the migration-of plasticizers into the fatty food
simulant was investigated by.inverting the jar which contained the fatty food simulant
at 30 °C for 30 days. The centact time was studied during 6 hours, 5 days, 10 days, 15
days and 30 days, respectively. The jars:were shaken prior to analysis in order to let
the oil adhering to the gasket run down Ji_nto the whole content of food and for

homogenizing food simulant:

The results of each plasticizer migiated int(;' fatty food simulant were shown in Table
4.10, both lug caps showed the plasticizei’sjé;)ntinuously migrated into fatty food
simulant corresponding to the contact timeé.ﬁ ESBO showed the highest migration and
the monomeric plasticizers showed less migration ~of TAC, DBS, DINCH,
respectively. The incréasing migration can be explainéd because of the interface of
gasket/fatty food simulant, the plasticizers were transferred from the gasket by the
diffusion process. ‘Also'the plasticizers wete extracted and dissolved by the fatty food
simulant as welljas remaining adhered to the gasket until the exchange of fatty food
simulant, at.the, interface,. the. plasticizers .primatily, transferred. Stepwise from the

surface of the gasket into the fatty food simulant.

Figure 4.13 — Figure 4.14 showed the potential of each plasticizer which migrated into
the fatty food simulant for both lug caps. At 30 days, ESBO migrated up to 31 times
for lug cap 48 mm and 40 times for lug cap 68 mm. The migration of ESBO can be
understood because ESBO is a triglyceride of fatty acids and the properties resemble
the fatty acids in the olive oil so ESBO easily dissolve in a fatty food simulant (olive

oil) which follows the rule of “like dissolves like”. Also because ESBO has the
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highest original amount in the gasket, the increasing of extracted ESBO in the fatty
food simulant appeared. The migration of monomeric plasticizers showed the relation
of the size of plasticizers molecule on the migration into fatty food simulant. The
small molecule of TAC had a high migration compared with the large molecule of
DBS and DINCH, respectively. Because the small molecule moved easily and
transferred to the interface of gasket/fatty food simulant, the extracted monomeric

plasticizers increased migration into the fatty food simulant.

Furthermore, the structure of plasticizer”molceule related to the migration of
plasticizers. DBS as the linear molecule (Figure 4.2D) had a higher migration than
DINCH as branched molecule«(Figure 4.2C), because the branched molecule hindered
movement of DINCH tothesinterface of gasket/fatty food simulant making its
migration slow.

Therefore, the contact time of the gasket zina fatty food simulant, the original amount
of plasticizers, size and the structuie of pldstic'izers were affected on the migration of

plasticizers into fatty food. il

i



Table 4.10 The effect of contact time has influence on the migratio \\ ky)(s from lug cap 48 and 63 mm

Amount of plasticizer migrating e fatty food simulant (mg)
Metal lid sample Contact time (days)
TAC DINCH ESBO
6 hrs. 0.88 +£0.36 0.08 +£0.01 0.87+0.01
5 0.97 £ 0:29 0.13+£0.00 11.24 £2.88
Lug cap 48 mm 10 1.06 £ 0 0.19+0.12 15.69 £ 0.15
15 1.24+0.18 0.26 +0.06 18.92 +6.34
30 1.55+0.52 0.33 £0.05 26.84 £0.78
6 hrs. 1.11+0.14 0.14+0.03 1.37+0.24
5 1.28+0.13 0.21 £0.05 15.98 +£1.06
Lug cap 63 mm 10 1.37 £0.14 0.26 £0.05 24.60 +1.73
15 1.53 402 S 0.33 +0.03 41.48 £4.37
30 1.86+ oﬂ; 0.46 = 0.03 55.03 +7.01
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Figure 4.13 The potential migration of plasticizers conditioned of contact time for lug cap 48 mm
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4.2.5.3 The Effect of Contact Temperature

The influence of the elevation contact temperature on the migration of plasticizers
into the fatty food simulant was investigated from the jar which contained the fatty
food simulant without initial heating which was upside down at 30 °C, 40 °C and 60

°C for 10 days, respectively.

The results of the migration of each plasticizer into fatty food simulant were shown in
Table 4.11, both lug caps showed the relation©Léhe higher migration on the elevation
contact temperature. ESBOhad the “highest migration into fatty food simulant
compared with monomeric piasticizers such as TAC, DBS, DINCH, respectively. The
high temperature can accelerate/the mobility of plasticize to move upward to the
interface of gasket/fatty food simulant, the high amount of plasticizers at the surface
were dissolved as welld@s cxtremely cxtracted by fatty food simulant, so the migration
of plasticizers into fatty food simulant witﬁ higher amounts.

For the basic diffusion models,-the migr.zf{:if)pl_gshould have increased by factors of
approximately 10 each from 20— 40 °Cfand from 40 — 60 °C [40]. However,
Feigenbaum and co-workers éiiﬂained the-h-l:ig-ré‘-[ions of plasticizers from the gasket
into food were far 19Wer due fo the more complex of migration mechanism and the

various types of plasticizers in the gasket composition.

Figure 4.15 and Figure 4. 1'6 showed the potential of plasticizers migrating into a fatty
food simulant with the elevated contact temperature, for the migration of ESBO of lug
cap 48mnuwere, increasing, by-factor of [1:9:from:30 & 40:°Crand-. 7:from 40 — 60 °C.
The migration of ESBO lug caps 63 mm were increasing by factors of 1.5 from 30 —
40 °C and 1.7 from 40 — 60 °C. The small of increasing factor as describes above.
Furthermore, both graphs showed the high migration of ESBO because the high
contact temperature increased the solubility of ESBO in the fatty food simulant and

also can be described as in 4.2.4.1.
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The migrations of TAC, DBS and DINCH depended on the size and the structure of
the plasticizers. The migration of monomeric plasticizers can be described as follows

in4.24.1.
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Table 4.11 The effect of contact temperature has influence on the -n_ '“ wmcizers from lug cap 48 and 63 mm

Metal lid sample

Contact temperature

(°0)

Amoun

Lug cap 48 mm

30
40
60

Lug cap 63 mm

30
40
60

at

=

ato fatty food simulant (mg)

DINCH ESBO

0.19+0.12 15.69 £0.15
0.24 +£0.02 29.60 £ 8.57
0.30 £0.02 49.22 +0.00
0.26 £0.05 24.60 £ 1.73
0.31 +0.01 36.28 +£3.03
0.43 +£0.02 70.54 £ 0.95
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Figure 4.15 The potential migration of plasticizers conditioned of contact temperature for lug cap 48 mm
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4.2.5.4 The Effect of Initial Heating

The initial heating used for the simulation of the pasteurization process which was
heated to 100 °C for lhour for inverted jar which contained the fatty food simulant.
The influence of initial heating on the migration of plasticizers was performed by kept
the inverted jar after initial heating process at 30 °C for 30 days. The migration of
plasticizers was investigated during 6 hours, 5 days, 10 days, 15 days and 30 days,
respectively for both lug caps.

The results of each of the'plasticizers which migrated into the fatty food simulant of
both lug caps were shownein.Table 4.12 — Table 4.13, both data showing the
migration of each plasticizer both' withi and without initial heating were compared.
The migrations of each plasticizer with initial heating were lower than without initial
heating. Also in the previous study, ESBO showed the highest migration into the fatty

food simulant.

Figure 4.17 — figure 4.20 showed the poter-l't;zﬂ‘ f)_f migration of ESBO, TAC, DBS and
DINCH for lug cap 48 mm and Figure 4..21.,;—— Figure 4.24 for lug caps 63 mm,
respectively. The migrations of each plast’irci-_z'é-r- with. initial heating were obviously
distinguishable from-thé migration of plasticizers without initial heating. In a few
days, the plasticizers showed a rapid migration into fatty food simulant by the
influence of the high temperature from the initial heating process and the migrations
were slow as{awell as no ine¢réasing migration ‘appeared. “Because the very high
temperature of the pasteurization process (100 °C for lhour) increasing the mobility
of plasticizers upward to the interfacerof gasket/tatty:food simulant./:The high amount
of plasticizers at'the interface formed the de-plasticizers layer of PVC(100 — 200 um)
that blocked any further migration of plasticizers. The plasticizers from the next layer
into the bulk of gasket were hindered which made the plasticizers slowly replenish to

the interface of gasket/fatty food simulant, lead to minor migration of plasticizers.

For migration of ESBO at 30 days, the sample with initial heating of the lug cap 48
mm decreased 4.2 times and 3.7 times for lug caps 63 mm. For migration of TAC,

DBS and DINCH very small amount of plasticizers appeared in the fatty food
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simulant. Furthermore, the migration of monomeric plasticizers depended on the size

and the structure of plasticizers as described in 4.2.4.1.
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Table 4.12 The effect of initial heating has influence on the migrati

82

//ers from lug cap 48 mm

n p!istleMatty food simulant (mg)
Metal lid sample Duration (days) E
)BS DINCH ESBO
6 hrs. 0.08 +0.01 0.87+0.01
5 0.13+0.00 11.24 +£2.88
Lug cap 48 mm
10 0.19+0.12 15.69 £0.15
(without initial heating)
15 0.26 £0.06 18.92 £ 6.34
30 0.33 +0.05 26.84 +£0.78
6 hrs. 0.09 £ 0.02 6.00 +1.30
5 0.07+0.03 6.20+1.50
Lug cap 48 mm
o ) 10 0.07 +0.03 5.67+0.15
(with initial heating)
15 AIRITEEES . & 0.08 +0.03 587+ 1.11
30 0.06 £ 0.03 6.38+0.33
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Table 4.13 The effect of initial heating has influence on the migration ‘

Metal lid sample

Duration (days)

Amount-@

TAC

icizers from lug cap 63 mm

migration plasticizerinio fatty food simulant (mg)

6 hrs. 1.11

L 6 5 1.28 0.

ug ca mm
s eap 10 1.37 £0.14

(without initial heating)
15 1.53 £ 0:23
30 1.86 + 0.0
6 hrs.
5

Lug cap 63 mm 0

(with initial heating) 5 | A==
30

DINCH ESBO
0.14£0.03 1.37£0.24
0.21+£0.05 1598 £1.06
0.26 £ 0.05 24.60+1.73
0.33+0.03 41.48 £4.37
0.46 £0.03 55.03 £7.01
0.10£0.03 8.50£0.90
0.10+0.02 9.10+0.90
0.10+0.04 9.50 £4.76
0.13+£0.04 12.50 £8.22
0.14+£0.02 14.90 £ 0.98
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Figure 4.18 The potential migration of TAC conditioned of initial heating for lug cap 48 mm
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Figure 4.20 The potential migration of DINCH conditioned of initial heating for lug cap 48 mm
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Figure 4.21 The potential migration of ESBO conditioned of initial heating for lug cap 63 mm
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Figure 4.22 The potential migration of TAC conditioned of initial heating for lug cap 63 mm
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Figure 4.23 The potential migration of DBS conditioned of initial heating for lug cap 63 mm
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4.2.5.5 The Effect of The Contact Surface Area

The influence of the contact surface area on the migration of plasticizers into fatty
food simulant was investigated by determination of total amount of plasticizers which
migrated from lug cap 48 mm and lug cap 63 mm were compared. The diameter of

the lug cap related to the area of the gasket which contacts the fatty food simulant.

The result in Table 4.14 showed the total amount of plasticizers which migrated into
fatty food simulant of both lug caps. At toom temperature, the migration of
plasticizers continuously.migrated inte’fatty foed-simulant as described in 4.2.4.1.
Figure 4.25 showed the large-contact areca of lug cap 63 mm showed a were higher
migration than lug cap 48 mm,@as twice in 30 days. Because the high contact area of
the gasket made incréasing potential transferred of plasticizers to the interface of
gasket/fatty food simulant andalso increésing extracted and dissolved into fatty food

simulant.

Furthermore, the results of high contact";'!chrnperature showed as increase in the
migration of plasticizers into the fatty fc;od'lf':simulant and also the migration of
plasticizers of lug cap 63 mm Were higher than lug.cap 48 mm as shown in Figure
4.26. Because the| lugh—temperature increased the 5olubility and mobility of
plasticizers to the high contact area of the gasket, therefore the high amount of

plasticizers moved easily into fatty food simulant at a higher amount.

On the other hand, the Tesults of the migration of plasticizers into the fatty food with
initial heating were.invariable.compared with the contact time (Figure 4.27). The total
amount of 'plasticizers“in thetfatty'food simulant'of lug.cap' 63 'mm’ was 2.4 times
higher than lug cap 48 mm, after 30 days. The invariable migration of plasticizers as
described in 4.2.4.3 as well as the high migration of plasticizers of lug cap 63 mm due

to the high contact area of gasket as described previously.

However, the percent migration of plasticizers of lug cap 63 mm was lower than the
48 mm lug cap. Due to the ratio of the part of gasket in the food which made contact

with the jar content was low, the percent of migration was lower by the significantly
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larger jar contents. The result showed as that at room temperature, lug cap 63 mm was
36.9% and lug cap 48 mm was 46.9%. The high contact temperature at 60 °C showed
the high percent migration of lug cap 63 mm was 83.46% and lug cap 48 mm was
46.8%. Furthermore, the percent migration of initial heating was lower than other
parameters at 8.3% and 11.9% for lug cap 63 mm and 48 mm, respectively. The high
migration of plasticizers in the jar content depends on the contact surface area and

size of food jar. So, the contact surface area had a strong impact to plasticizer

9
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Table 4.14 The effect of contact surface area has influence on th

Wg)astlclzers from lug cap 48 and 63 mm

94

Migration condition

Amountof migration plasticizer into fatty food simulant (mg)

"7:\\\\‘\\:\

Metal lid 63 mm

Room temperature (kept 30 °C)

3.55

18.87
28.07
46.07
60.44

Increasing temperature (duration 10 days)

28.07
40.73
76.55

Initial heating (pasteurization and kept at 30 °C)

ﬂ‘IJESJQ‘VIEWI?lWH'm'i

30 days 7.71

10.31
11.00
11.83
15.94
18.66
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CHAPTER V
CONCLUSIONS AND SUGGECTIONS FOR FURTHER STUDY

In this study, parameters which affect on the potential migration of plasticizers into
fatty food (olive oil) were indicated by simulation. Lug cap 48 mm and lug cap 63
mm were identified the components of plasticizers in the gasket prior to migration
study. Both techniques of the developed ATR FT-IR microspectroscopy and GC-FID
were shown the identical plasticizers such'as ESBO, TAC, DBS and DINCH for two
types of lug caps.

The ATR FT-IR microspgetfoseopy with homemade slide-on ATR pIRE accessories
was performed in three modes of sampling technique, all ATR spectra were identical.
This technique is quite uséful'for fast qualitative screening. GC-FID was carried out
by two methods of analysis such as direct analysis and transesterification by which
the advantages of this method were able t(;'_conﬁrm the plasticizers in the same extract
solutions, resulting robust, less time-consu_rﬁirié, reduce the chemicals and quantity of
plasticizers was observed. For the m;g;aﬁ_on studied, the conventional gas
chromatography was selected based on quqlft-_a_lti-_\_/e and quantitative information. Total
amount of plasticizers in the gasket as 540 + 1—4.1 mg and 924.5 + 105.0 mg for lug

cap 48 mm and lug cap 63 mm, respectively.

The simulation for migration test of plasticizers was carried out by the EU standard
method. The glass jars: contained fatty food simulant (olive Joil) and the jars were
closured according to the manufacturer produce were studied. The jars were standing
up site’dowt and Képt them following) thé studied parametersiadd firther determined

the potential migration of plasticizers into fatty food simulants.

The four plasticizers which potentially migrated into the fatty food simulant (olive oil)
are TAC, DBS, DINCH and ESBO. The two analysis procedures were directly
performed into the fatty food simulants i.e. ESBO analysis procedure by GC-MS
using for the analysis of methyl epoxy linoleate of ESBO-derivatized. The
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chromatograms showed two peaks of diastereoisomers of methyl epoxy linoleate and
internal standard and quantify of the ESBO using response factor calculation which
corresponded to the concentration in the fatty food simulants. In addition, the
monomeric plasticizers analysis procedure by PTV-GC-MS is used for the analysis of
the small molecule of plasticizers i.e. TAC, DBS and DINCH. The calibration curves
of plasticizers displayed good linearity (R* > 0.9980) and the relationships of the
correlative peak area and the concentration of each plasticizer were used to calculate

the concentration of plasticizers in fatty food simulants.

The migration of plasticizers-into fatty food simulants from two types of metal lids
such as lug cap 48 mm and lug cap 63mm received from the same batch of metal lid
productions from manufacture in Thailand were determined. The parameters affected
to the migration of plasticizers/can be determined from the quantities of plasticizers in
the fatty food simulants of gach paramete;'. The plasticizers primarily migrated due to
the fatty food simulants/coming into con:t:aca;[ with the gaskets, and plasticizers were
dissolved and migrated into the jar content. The duration time is related to the
increase of plasticizers into the foods. At i’éogn_ temperature (30 °C), up to 29.46 and
60.44 mg/lid for lug cap 48 mm-and 63 mﬁ;ré%-.the plasticizers migrate into the fatty
food simulant, respectively within 30 days-.:.Ty"jpiCally, ESBO has the highest rate of
migration more than-90% nto fatty food simulants when compared with all the
plasticizers in the gasket. The high temperatures influénce the acceleration of the
migration of plasticizers. Within 10 days, an increasing in the room temperature of 10
degree Celsiug (or'40 °C) caused the higher-migration‘of 1.9 and 1.5 times for lug cap
48 mm and 63 mm, respectively and the higher 20 degree Celsius (at 60 °C) increase
the migration' of plasticizerscto1v7 and 4.9 times for, lug eap 48 mm and 63 mm,
respectively. On' the other hand, the high"témperature ‘from the initial heating had a
strong effect on the migration of plasticizers into fatty food simulants. After the initial
heating process of pasteurization, the starting point of plasticizers migration was
higher than without initial heating as 3.84 and 2.90 times for lug cap 48 mm and 63
mm, respectively. The plasticizers from the jars with initial heating have no increase
in migration, contrasting with the jars without initial heating which showed
continuous migration into fatty food simulant for 30 days. The last parameter is

contact surface area and the migration should be considered at the gasket in food
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direct contact. The large surface area can increase the proportion of extraction
plasticizers by the fatty food simulants leading to the increase of plasticizer migration

into fatty food simulations.

Further works should be focused on other, recent finding on plasticizers that are
possibly released from the gasket into fatty foods e.g. 2,2,4-trimetyly-1,3- pentandiol
diisobutylrate (TXIB) , neopentyl glycol (2-ethylhexan0ate), neopentyl glycol 2-

ethylhexanoate benzoate and neo
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APPENDIX A

Packed
food

Figure A-1 The cutaway'of lug cap on tf’y: tim of glass jar, on the right hand is part
of packed food intend 1o coni-_fe,___toé direct contact with gasket and a white
sheet as the gasket which préégpj two bulges from the indentation
between metal lid‘and the gas@ﬂi‘

o el
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APPENDIX B

Figure B-1 The AI_{( ET-IR fﬁlcréspe‘ct;ﬁgr- W1EH homemade slide-on Ge pATR
accessory. (A) Ge h‘_f) ising; (B) the slide=on Ge pATR; (C) j F}e LATR accessory.
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APPENDIX C

100 —~Normalmode
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Figure C-1 ATR spec 1o at \;\ -750 cm™ associated the

spectrum of P
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APPENDIX D
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